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MN187XX23 microcomputers are available in a number of ROM/RAM versions to suit a variety of 
applications. 


in addition to mask versions, EPROM and piggyback versions are also available which can programmed by 
the user. In this manual the general term "MN187XX23*" is used to refer to these various products. 


MN1872423 
MN1873223 
MN1874023 
MN1874823 
MN18P76423 
EP1876423 


Unit: bytes 





This manual gives an overview of the IMN1874823's functions, followed by a description of the basic CPU 
functions, and port, timer, serial, display and other peripheral functions. 
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On-chip peripheral fUNCtONS.........csccscececeeseseeeseeseesetessnereeetscacersneneneneeesnnenes Chapters 3 to 11 


Details Of instruction Set.........cscccssecssssenencesceneesessnsescesesenrsanseseeennenseattaterssey Chapter 12 


@ Format of this Manual 


This manual consists of titles, summaries, and notes and warnings. The layout and meaning of each part is shown 


below. 


Subtitle 


2-1 Clock Pulse Generator 





Sub-subtitle 


2-1-1 Overview 





Key information 
Important 
information 


relating fo the text. 


Main text 


The MN187XX23 has two oscillator circuits: the system clock oscillator 
circua {OSC1, OSC2), and the SLOW operation and realtime clock oscillator 
circuit (XI, XO) Resonators and capacitors must be connected externally in 
order to operate this LS! A crystal or ceramic resonator is used for OSC1 
and OSC2, and a 32kHz or similar crystal resonator for XI and XO XI and 
XO can be used for the realtime clock and time base as well as for the 
system clock. 


When mounting the components on a printed circuit board, 
keep the distance between the resonators, capacitors, and 
chip (MN187XX23) as short as possible 

[# Figure 2-1-1] 





Reference mark 





Shows where 


relevant information 


can be found. 

















Figure 2-1-1 Oscillator Circuit Connection Diagram 


@ Finding Information 


There are five ways of finding the information you need quickly. 


(1) To find the beginning of each chapter, refer to the index at the front of the manual. 
(2) To look for a particular title, refer to the Table of Contents at the front of the manual. 


Section 2 Basic CPU Functions 


Pattern design should allow for 
thick GNO lines to be used and 
to be connected at the shortast 
possible distance from the 
chip's Vss pin Long wiring is 
susceptible to the effects of 
noise and may cause unstable 


oscillation, 


The connection method shown 
in the figure on the left is 
known as self-oscifation Seif- 
oscillation is employed when a 
clock from off-chip is used as 
the microcomputer’s system 
clock. 


Clock Pulse Generator 





Section title 





Introduces the 
block. 


Note or warning 





Caution concerning 
the design of this 
device. 


Additional inf : 





Additional information 
relating to the main 
text. Includes 
explanations of 
terms. 


Subtitle 





(3) To find information from an illustration or table, refer to the Lists of Figures and Tables at the front of the 


manual, 


(4) The chapter title and subtitle are shown at the top and bottom of each page, respectively. A general idea of the 


contents can therefore be obtained quickly by leafing through the manual. 


Related Manuals 


This manual has been written for users wishing to design circuits using the MNi87XX23. The following related 
manuals are also available. 


MN1870 Series Instruction Manual 
(Description of instructions) 
MN1870 Series Cross Assembler User's Manual 
(Assembler syntax and notation) 
MN 1870 Series CL/1 User's Manual—Operating Volume 
(CL/1 compiler installation, start-up, and options) 
MN1870 Series CL/1 User's Manual—Language Volume 
(High-level language syntax) 
MN1870 Series CL/1 Source Code Debugger User's Manual 
(Use of CL/1 source code debugger) 
MN1870 Series In-Circuit Emulator Installation Manual 


(In-circuit emulator installation) 


@ Note 


If you have any queries or comments concerning the contents of this manual, please contact your nearest 
Semiconductor Design Center (a list is given at the end of the manual). 
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Chapter 1 Overview 


hapter summarizes the functions of the 
XX23, and includes descriptions of the main 
s, pin configuration and functions, function 
jagrams, and MN1870 Series instruction system. 





1-1 Product Overview 


1-1-1 Overview 


The MN1870 Series comprises 8-bit single-chip microcomputers that incorporate a 
variety of peripheral functions. These microcomputers are mainly used in such 
products as VCRs, DCCs, TVs, CD and LD players, printers, telephones, HA 
equipment, pagers, air conditioners, PPCs, remote controllers, fax machines, and 
musical instruments. 

Panasonic's microcomputer family is made up of this 8-bit series plus the 4-bit 
MN1700 Series and MN1500 Series used in washing machines, rice cookers, 
cameras, and so on, and the 16-bit MN10200 Series, etc., used in high-level 
business and communications equipment, measuring instruments, robots, and so 
forth. The appropriate series can thus be selected to suit the particular application. 
The MN1870 Series comprises 8-bit microcomputers which are ideal for use in a 
range of applications, from increasingly high-tech consumer products to industrial 
equipment. 

This manual describes the MN187XX23, one of the products in the MN1870 Series. 
The MN187XX23 features 24 to 64-Kbyte ROM and 512 to 1024-Kbyte RAM, plus 
on-chip peripherals including six timers, three serial interfaces, a fluorescent light 
panel drive function (FLP), PWM output function, analog input, remote control 
noise filter, and remote control transmission functions, providing an ideal system 
configuration for use as the panel controller microcomputer for VCR tuning timers, 
CD players, DAT players, and so on, 

Two oscillator circuits (4.19MHz or 8.38MHz/32kHz) are built in, allowing the 
system clock to be switched between high and low speed. An automatic data 
transfer (ADT) function activated by an interrupt source provides efficient data 
transfer processing. 

The machine cycle is 0.95ys with (source oscillation fosc=4.19MHz) or 0.477ps 
(source oscillation fosc=8.38MHz). The package is an 84-pin QFP. 
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1-1-2 Features 
The main features of the MN187XX23 are listed below. 


* Fluorescent light panel drive function (FLP) 

* Remote control transmission/reception 

* PWM output 

¢ 8-bit A/D converter (8 channels) 

* High speed: 0.95,15/0.477us execution speed (at 4.19MHz/8.38MHz) 


1-1-3 Product List 


In this manual, the generic name "MN187XX23" covers the models listed below. 


All these models have the same functions. 


Table 1-1-1 Product List 


MN1 | MN1872423 | 24 Kbytes 512 bytes 

MN1873223 | 32 Kbytes 1024 bytes Mask ROM 
MN1874023 | 40 Kbytes 1024 bytes 84QFP versions 
MN1874823 | 48 Kbytes 1024 bytes 
MN18P76423 | 64 Kbytes 1968 bytes 
EP1876423 64 Kbytes 640 bytes* 


































* The EP1876423 (piggyback 
version) is only available 
for the MN1872423. 
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1-2 Hardware and Software Functions 


1-2-1 Hardware Functions 


ROM size 
RAM size 


Machine cycle 


External interrupts 


internat interrupts 


Timer counters 


Serial interfaces 


Fluorescent light 
panel drive 
function 


24,576 to 65,536 bytes* 
512 to 1,024 bytes* (data area and stack area) 


Switchable by software: 0.95us/0.4771s (at 4.19MHz/ 
8.38MHz) or 125s (at 32kHz) 


Interrupt levels: 4 


(Including 2 with noise filter) 


Interrupt levels: 11 
6 timer interrupt levels 
3 serial interrupt levels 
1 KYS (key-scan) interrupt level 


1 ADT (automatic data transfer) interrupt level 


8-bit programmable timers: 5 
Pulse width measurement function 
Event count function 


Timer output function 


Time-base counter: 1 
Watchdog timer: 1 
8-bit synchronous: 3 


MN1500 Series upward-compatible 
Transmission/reception with any bit length from 1 to 8 
Software programmable start condition function allowing 


MSB-first or LSB-first transfer and clock polarity switching 


Max. 16 segments x 16 digits 
Can also be used for key-scanning 


15-step dimmer 
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Bss* Depends on the model. 
For details, see section 
"1-1-3, Product List." 
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* The RAM size of the 
EP1876423 (piggyback 
version) version is 640 


bytes. 


Available only for the 


MN1872423. 





PWM output 
function 


Analog input 
Buzzer output 


Remote control 
receive function 


Remote control 


transmit function 


Standby modes 


Operating voltage 


range 


l/O pins 


Package 
Piggyback 
EPROM version 
Emulator 


Process 


6 Hardware and Software Functions 


14-bit resolution: 1 
(7-bit basic cycle + 7-bit additional pulse) 
15.6ms (214/fs) repeat cycle, 122s (27/fs) basic cycle 


8-bit resolution: 2 


244us repeat cycle 
8-bit A/D converter: 8 channels 
2kHz/4kHz (at fosc=4 .19MHz, fs/2° or fs/28) 


Reception by noise-filtered external interrupt input 


Choice of carrier signal/no carrier signal and synchronous 


output/asynchronous output 


HALT and STOP modes 
Total of 9 modes selectable with clock switching 
(NORMAL/IDLE/SLOW mode) combinations 


4.5 to 5.5V (at 8.383MHz) 
2.2 to 5.5V (at 32kHz and in STOP mode) 


Memory-mapped I/O 
General-purpose input/output: 8 
High-voltage output: 32 


(multiplexed as FLP output) 
Multiplexed input/output: 33 


(multiplexed as interrupt input, serial interface, etc.) 
84QFP (18 mm square) 
EP1876423* 
MN18P76423 
PX-ICE1 870/80 + PX-PRB 1873223 


Silicon gate CMOS 


1-2-2 Software Functions 


In the MN1870 Series, an instruction subset of the previous MN1880 Series has 
been partially enhanced, with 45 instructions and 144 possible methods of use as 
variations. A multi-loop function using the stack and an ADT function that can be 


activated by an interrupt source are also provided. 
[t= "MN1870 Series Instruction Manual" ] 


Major features are summarized below. 


* The instruction system comprises five kinds of instructions: data transfer, logic 
operation, arithmetic operation, branch, and stack/hardware manipulation. 

* There are three addressing modes: direct, register indirect, and immediate. 

* There re three operand formats: single-operand (an operation is performed on the 
operand value, and the result is stored as the operand value); double-operand (an 
operation is performed on the source and destination operand values, and the 
result is stored as the destination operand value): and triple-operand (an operation 
is performed on the first source and second source operand values, and the result 


is stored as the destination operand value). 


Chapter 1 Overview 


Hardware and Software Functions 7 


Chapter 1 Overview 


The instruction functions are shown in table 1-2-1. 


Table 1-2-1 MN1870 Series Instruction Functions 


Data transfer Unidirectional move instructions (5) 


MOV, MOVL, RDTBL, MOV1, MOVIN 

















Bidirectional move instructions (2) 
XCH, XCH4 
Fixed-value move instructions (2) 


CLR, SET 











Logic operation 





Logic operation instructions (6) 


NOT, ROL, ROR, AND, OR, XOR 












Arithmetic operation Arithmetic operation instructions (12) 
ADDC, ADDD, ADDR, INC, DEC, SUBC, 
SUBD, MUL, DIV, CMP, CMPL, CMPM 

Branch Branch instructions (17) 

BR, SKIP, BC, BZ, BLE, BNC, BNZ, 

BGT, T1BNZ, T1BZ, LOOP, RLOOP, 


CMPBNE, CMPBE, CALL, RET, RETI 






























Stack/hardware Stack/hardware manipulation instructions (5) 


PUSH, POP, NOP, STOP, HALT 








manipulation 
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1-2-3 Instruction Compatibility 


The MN1870 Series has a partially enhanced subset of the previous MN1880 Series. 
The differences are explained here by showing the functions that have been added 


or deleted. 
Instruction functions added in the MN1870 Series are shown in table 1-2-2. 


Table 1-2-2 MN1870 Series Instruction Functions 
Not Provided in MN1880 Series 


Instruction Type Instruction Function 


Data transfer CLR (XP) bp 
SET (XP) bp 

































Arithmetic operation INCL = (da) 
DECL (da) 
Branch T1BZ (XP) bp, $label 
TIBNZ (XP) bp, $label 
CALL XP 




















Stack/hardware 


manipulation 
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Instruction functions deleted in the MN1870 Series are shown in table 1-2-3. 


Table 1-2-3 MN1880 Series Instruction, Functions 
Not Provided in MN1870 Series 


Instruction Type Instruction Function 


Data transfer imm4 
(XP) 
(da) 
(XP) 
(da) 
(dad16), (das16) 
SP, XP 
XP, SP 
YP, XP 
XP, YP 
XP, LP 








Arithmetic operation (dal), (da2) 


(XP), (YP) 
(dad), (das) 
(XP), (YP) 
(dad), (das) 

XPI, (da) 

YPI, (da) 

XPI, (dal), (da2) 
YPI, (dal), (da2)} 
XPI, XP1, XPh 
YPI, YP!, ¥YPh 














Stack/hardware 
imm16 





manipulation 
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1-3 Pins 


1-3-1 Pin Configuration 
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qtqeqaqadcq ----4 () 
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High-voltage output 


Figure 1-3-1 Pin Configuration (84QFP: Top View) 
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P01(<-SBIO) 
P02(SBTO0) 
P03(—> SBO1) 
P04(~ SBIi) 
P05(<> SBT1) 
P06(< PSBTO) 
P07(< RST) 
P10(«> TCIOO) 
P11(> TCO1) 
P12(<— TC13) 
P13(< TCIO4) 
P14(> TCO35) 
P15(— RMOUT) 
P16(> PWM1) 
P17(> PWM2) 
SYNC 

P80(—> DGT15) 
P81(— DGT14) 
P82(-+ DGT13) 
P83(— DGT12) 
P84(> DGT11) 


High-voltage output 
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1-3-2 Pin Functions 


Pin Name 


Table 1-3-1 Pin Functions (1/5) 


Designation 


Power supply pins 


Function 


+5 V+10% to +3 V+10% is applied to VDD, and 0 V to VSS. 











input for high- 
voltage output 








| Pull-down voltage | The voltage supplied to the pull-down resistors for ports 5 to 8 is 


applied to this pin. 





A/D converter 
reference power 


supply 





| 








The A/D converter reference power supply high and low sides are 
applied to these pins. 








Clock input pin Oscillation pins for connection of fosc (4.19MHz/8.38MHz) 


Clock output pin 


ceramic resonator ot crystal resonator. 

When a clock is input from off-chip, input the clock to OSC1 and 
leave OSC2 open. Operation on an extemal clock is not possible 
when STOP mode or SLOW mode is used. 








Clock input pin 
Clock output pin 





Timing output pin 


Oscillation pins for connection of fx (32kHz) ceramic resonator or 
crystal resonator. 

When a clock is input from off-chip, input the clock to XI and leave 
the XO pin open. Operation on an external clock is not possible 
when STOP mode is used. 











Outputs an fs/2!3 or £x/28 clock. 
Can be used as the standard clock for realtime clock regulation. 





Chip mode select 
pin 





Connect to VSS. 
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Reset pin 














Pin used to reset the chip at power-on, It is assigned to port P07 and 
incorporates a pull-up resistor (Typ. 50kQ). 

When this pin is forced low, the chip's internal state is initialized. 
When the input is forced high again, the reset is released and reset 
interrupt handling is executed by hardware after the elapse of the 
system clock oscillation stabilization time. 

When 0 is written to port P07 and the chip is reset by software, or 
when the watchdog timer overflows, a low level is output. The 
output is of N-channel open-drain type, and when a capacitor is 
inserted between RST and VDD, connection of a discharge diode 
between RST and VDD is recommended. 
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Table 1-3-1 Pin Functions (2/5) 









Pin Name vO Designation Function 









P00~P07 Standard 8-bit input/output port. 

input/output port 0 Ports POO to P06 are CMOS 3-state input/output ports, and P07 is 
an N-channel open-drain input/output port (shared with RST). 
Ports POO to P06 can be set as input or output bit-wise by the port 0 
direction control register (PODIR). On reset, these pins are set to 
input mode (output high-impedance). 

Use of a pull-up resistor can be selected for ports POO, P01, P03, 
P04, and P06 with the PORON register. 


See the relevant sections for special functions. 











[= Table 1-3-1, Pin Functions: SBOO, SBIO, SBTO, 

SBO1, SBI1, SBT1, PSBTO, RST entries] 
56~49 P10~P17 VO | Standard 8-bit CMOS 3-state input/output port. 
input/output port | Input or output can be set bit-wise by the port | direction control 
register (P1DIR). On reset, these pins are set to input mode (output 
high-impedance). 

















Use of a pull-up resistor can be selected for all pins with the 
PIRON register. 
See the relevant sections for special functions. 





[8 Table 1-3-1, Pin Functions: TCIOO, TCO1, TCIS, 
TCIO4, TCO35, RMOUT, PWM1, and PWN2 entries] 


2,1, P20~P27 | VO | Standard 8-bit CMOS 3-state input/output port. 
94-79 input/output port 2 Input or output can be set bit-wise by the port 2 direction control 











register (P2DIR). On reset, these pins are set to input mode (output 
high-impedance). 

Use of a pull-up resistor can be selected for all pins with the 
P2HRON and P2LRON registers (in nibble units). 

See the relevant sections for special functions. 


[US Table 1-3-1, Pin Functions: ADINO~ADIN7 entry] 
















q1-73 P30~P34 | VO | Standard §-bit CMOS 3-state input/output port. 
input/output port 3 Input or output can be set bit-wise by the port 3 direction control 
register (P3DIR). On reset, these pins are set to input mode (output 
high-impedance). 

Use of a pull-up resistor can be selected for ports P30 to P33 with 
the P3RON register. 

See the relevant sections for special functions. 








[ "= Table 1-3-1, Pin Functions: IRQO~IRQ3 entry] 
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Pin Name 


P40~P47 


Table 1-3-1 Pin Functions (3/5) 


Designation 


Standard 
input/output port 4 


Function 


8-bit CMOS 3-state input/output port. 

Input or output can be set bit-wise by the port 4 direction control 
register (P4DIR). On reset, these pins are set to input mode (output 
high-impedance). 

Use of a pull-down resistor can be selected for all pins with the 
P4RON register. 





P50~P57 





P60~P67 


= 


High-break down 
voltage output 
port 5 


High-break down 
voltage output 
port 6 





8-bit P-channel open-drain output port. 

Port 5 pins incorporate a pull-down resistor between the pin and 
VPP. 

Byte-wise switching between port and segment (SEGO~SEG7) 
functions is performed by port/FLP select register 2 (PFSR2). 

On reset, these pins are set to low-level output. 





8-bit P-channel open-drain output port. 

Port 6 pins incorporate a pull-down resistor between the pin and 
VPP that can be removed as a mask option. 

Bit-wise switching between port and segment (SEG8~SEG15) 
functions is performed by port/FLP select register 0 (PFSRO). 

On reset, if a pull-down resistor is incorporated these pins are set to 
low-level output. 











P70~P77 


High-break down 
voltage output 
port 7 





P80~P87 
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it P-channel open-drain output port. 

Port 7 pins incorporate a pull-down resistor between the pin and 
VPP. 

Byte-wise switching between port and digit (DGT0~DGT7) 
functions is performed by port/FLP select register 2 (PFSR2). 

On reset, if a pull-down resistor is incorporated these pins are set to 
low-level output. 





High-break down 
voltage output 
port 8 








8-bit P-channel open-drain output port. 

Port 8 pins incorporate a pull-down resistor between the pin and 
VPP that can be removed as a mask option. 

Byte-wise switching between port and digit (DGT8~DGT15) 
functions is performed by port/FLP select register 1 (PFSR1). 

On reset, if a pull-down resistor is incorporated these pins are set to 
low-level output. 
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Table 1-3-1 Pin Functions (4/5) 

































Pin Name Designation Function 
14~11 P90~P93 | VO | Standard 4-bit CMOS 3-state input/output port. 
input/output port 9 | Input or output can be set bit-wise by the port 9 direction control 
register (P9DIR). On reset, these pins are set to input mode (output 
high-impedance). 

Use of a pull-up resistor can be selected for ports P91 and P92 with 
the PORON register. 

See the relevant sections for special functions. 


[ § Table 1-3-1, Pin Functions: BUZZER, SBO2, SBI2, and 








at SBT2 entries] 
64 SBOO oO Serial interface Serial interface transmit data output pins. 
transmit data The output structure is CMOS push-pull or N-channel open-drain 
6b SBO1 output pins 


type, selectable by software. 
13 SBO2 $BO0 is assigned to port POO, SBO1 to port P03, and SBO2 to port 
P91. When the serial interface is not used, these pins can be used as 


ordinary input/output pins. 











63 SBIO I Serial interface | Serial interface receive data input pins. 


receive data input | S$Bj0 is assigned to port PO1, SBI] to port P04, and SBI2 to port 


ins 
eo oe P92. When not used as receive pins, these pins can be used as 





ordinary input/output pins. 





SBTO vO Serial interface | serial interface clock input/output pins. 








62 
clock input/output | The SBTO, SBT1, and SBT2 output structure is CMOS push-pull or 
7 een ym N-channel open-drain type, selectable by software. 
1 SBT2 SBTO is assigned to port P02, SBT1 to port P05, and SBT2 to port 
P93. When the serial interface is not used, these pins can be used as 
| ordinary input/output pins. 
58 PSBTO I Serial interface Serial interface clock input pin. 


clock input pin PSBTO is assigned to port P06. When the serial interface is not 


used, PSBTO can be used as an ordinary input/output pin. 










56 if TCIOO VO | Timer input/output | Timer 0 and timer 4 clock input/output pins. 
pins The output structure is CMOS 3-state type. 
53 TClO4 TCIOO is assigned to port P10, and TCIO4 to port P13. When not 


used as timer input/output pins, these pins can be used as ordinary 


LL input/output pins. 


54 Tcl3 I Timer input pin Timer 3 clock input pin.. 
TCI3 is assigned to port P12. When not used as a timer input pin, 
TCI3 can be used as an ordinary input/output pin. 
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Pin Name 


Table 1-3-1 Pin Functions (5/5) 


Designation 


Timer output pins 


Function 


TCO] is the timer 1 clock output pin, and TCO35 the timer 3 or 
timer 5 clock output pin. 

The output structure is CMOS 3-state type. 

TCOl1 is assigned to port P11, and TCO35 to port P14. When not 
used as timer output pins, these pins can be used as ordinary 


| input/output pins. 





BUZZER 





Buzzer output pin 


A CMOS 3-state output pin that outputs an fs/28 or fs/2? buzzer 
waveform. 

BUZZER is assigned to port P90. When not used as the buzzer 
output pin, BUZZER can be used as an ordinary input/output pin. 











PWM6O output pin 


PWM1 output pin 


PWM2 output pin 





| Pwwo is the 14-bit PWM CMOS 3-state output pin, and PWM1 
and PWM2 are 8-bit PWM CMOS 3-state output pins. 

PWM0 is assigned to port P34, PWM1 to port P16, and PWM2 to 
port P17. When not used as PWM output pins, these pins can be 
used as ordinary input/output pins. 








input pins 


| 








External interrupt | Input pins that accept external interrupts on a negative edge or 


positive edge. The valid edge can be specified in the interrupt 
mode control register (IRQM). IRQ1 and IRQ2 incorporate a noise 
cancellation circuit for remote control reception. 

IRQO, IRQ1, IRQ2, and IRQ3 are assigned to ports P34, P31, P32, 
and P33. When interrupts are disabled, these pins can be used as 
ordinary input/output pins. 








Analog output 
pins 


A/D converter analog input pins. 
These pins are assigned to ports P20~P27. When the A/D converter 


is not used, they can be used as ordinary input/output pins. 
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Pins 





transmission 
output pin 








Remote control | Remote control transmission output pin. 


The output structure is CMOS 3-state type. 
RMOUT is assigned to port P15. When remote control output is 
disabled, RMOUT can be used as an ordinary input/output pin. 
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1-4-2 Block Functions 


Table 1-4-1 Block Functions (1/3) 











Function 




















Reference 
(Detailed 
Description) 
















ID 





‘ Instruction The CPU reads the next instruction to be executed from ROM and 
Instruction | peg 
ister latches it in the instruction register (IR 
execution IR atches it in the instruction register (IR). 
control Instruction The instruction decoder (ID) decodes the contents of the CPU's 
block decoder 


instruction register when in the instruction execution state, generates in 
sequence the control signals required to execute that instruction, and 
executes the instruction by controlling the various blocks in the chip. 








(2-2-3) 















ROM 






executed. 


i 


Read-only memory is program memory that stores the program to be 


(2-2-2) 








of a program counter. 


Pointer Instruction The instruction pointer (IP) is a 16-bit register that controls the order of 
register pointer execution of instructions in the program memory. 
block IP In combination with the adder, it performs functions equivalent to those 












(2-3-2) 




















SP stack area that uses a part of the data RAM. 






Stack pointer The stack pointer is a 16-bit register that points to the address of the 


The stack area is used to save the IP, etc., in the event of a subroutine call 
or interrupt, and can also be used in constructing multiple loops. 





(2-3-3) 










XP addressing mode. 





Data pointer XP is a 16-bit register used to address RAM space in register indirect 


XP is used by single-operand and double-operand instructions. 


(2-3-4) 














Data pointer YP is a 16-bit register used to address RAM space in register indirect 
YP addressing mode (the RDTBL instruction, only, addresses ROM space). 
YP is used as the source operand in a double-operand instruction. 



















Adder The adder is used for pointer register incrementing and address 
| computation (calculation of the IP value) in a relative address branch. 


















latch. 
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Arithmetic | Arithmetic and The arithmetic and logic unit (ALU) performs an arithmetic operation 
and logic logic unit (addition/subtraction, multiplication/division, decimal addition, 
block ALU increment/decrement, or compare) or a logic operation (AND, OR, XOR, 
complement, rotate, or nibble swap) on data input from the data bus to 
two 8-bit latches, and outputs the result to the data bus via an output 
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Table 1-4-1 Block Functions (2/3) 


: Reference 
Function (Detailed 
Description) 


Flag status byte | The flag status byte (FS) consists of 3 flags that show the CPU's 
FS execution status. a 


Carry flag The carry flag (CF) is set when the result of an ALU operation overflows or 
CF underflows, and reset otherwise. 














Zero flag The zero flag (ZF) is set when the result of an ALU operation is 0, and 


ZF | reset otherwise. 


Direct flag The direct flag (DF) controls direct addresses as shown below. iz 

DF DF=0: The upper 8 bits of the address are processed as 0. 

DF=1: The upper 8 bits of the XP or YP address are processed as the 
upper 8 bits of the RAM address. 























Random access memory (RAM) is used for the stack area and as a data 
area for storing data needed during program execution. 











Special PORT0O~ | The special registers (PORTO~PWMR2) are allocated to RAM space, 
2 


register 


and can be read and written in the same way as RAM. 
block 


PWMR 





Clock =| Clock + The CPU's instruction execution mode is controlled by the CPU mode 


control register (CPUM). 
block 











Interrupt Interrupt Interrupts are controlled by the interrupt request flag register (IF) and the 


control interrupt enable flag register (IE). 
block 








Serial Serial Performs serial data transmission and reception. The serial interface 
interface interface mode register (SIM) controls the serial interface operating mode. 

control Data transmission and reception is carried out by means of the 
block transmit/receive shift buffer (SIBUF), and the number of transmit/receive 
bits is controlled by the serial interface bit counter (SBC). 
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Timer 
control 
block 





Noise filter | Noise Filter 


control 
block 


Table 1-4-1 Block Functions (3/3) 


Function 


This block can be used for normal timer operation, event counting, pulse 
width measurement, timer output, and operation as a watchdog timer. 
The timer mode register (TM) controls the timer operating mode and 
clock selection. The timer counters are used to count clock pulses, and 
have an 8-bit configuration. 





The remote control noise filter control register (RMC) is used to control 
the noise cancellation circuit for external interrupt inputs (IRQ1 and 
IRQ2). 


Reference 
{Detailed 
Description) 





Remote 
control 


REMOTE 


transmission | CONTROL 


control 


bloc! 








Remote control transmission is controlled by the remote control control 
register (RMC). 





PWM 
control 
block 


PWM 


The PWM outputs are used for tuning, with 14-bit resolution for PWMO 
and 8-bit resolution for PWM1 and PWM2. 


if 





A/D 
controi 
block 


8Bit A/D 





The A/D control block is used for AFT signal discrimination with 8-bit 
resolution. 








Display 
control 
block 


FLP 


Performs segment/digit pin setting, 15-stage dimmer control, 15 kinds of 
digit number setting. 





Inpuvoutput | POO~P93 


block 





POO to P93 are input/output pins. 


LL 





Oscillation | OSC1 


block 


l OSC2 





The system clock resonator is connected to OSC1 and OSC2. 








A 32kHz or similar resonator is connected to XI and XO. 
XI and XO have a realtime clock and time base function as well as their 
system clock function. 
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+ 


VSS and VDD are power supply pins. +5V is applied to VDD. 











RST is the reset pin. The operating state is entered when this pin goes 
high. 











VPP is the FLP drive power supply pin. —30V is applied to this pin. 
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1-5 Electrical Characteristics 





Type of structure | MOS integrated circuit 






< 


This LSI Manual gives the 











Function CMOS 8-bit single-chip microcomputer 
































































ROM/RAM Model ROM Size RAM Sine standard casas 

When using an LSI, please ask 

MN1872423 24Kbytes 512 bytes 
ae our sales staff for product 

MN1873223 32Kbytes 1024 bytes sea ig 

specifications. 
MN1874023 40Kbytes 1024 bytes 
MN1874823 48Kbytes | 1024 bytes 
MN18P76423 64Kbytes 1968 bytes 
EP1876423 64Kbytes 640 bytes 











1-5-1 Absolute Maximum Ratings 


Vpp —0.3~+7.0 








Supply voltage 











1 PP Vpp—45~Vpp+0.3 


Input pin voltage Vn Vss-0.3~Vpp+0.3 





Output pin voltage Vol Vss-0.3~Vpp+0.3 





I/O pin voltage Vi01 Vss—0.3~Vpp+0.3 











High-voltage I/O pin ia —40~Vpp+0.3 


I on (peak) -10 





Peak output current 
I ot (peak) 30 





I on (avg) -5 


= I ot (avg) 


T on (GT) 





Average output current*! 








High-voltage output current 
I OL (SEG) 





Allowable dissipation PT 





Ambient operating temperature —20~+70 




















Storage temperature —55~+125 


<Note> *! Applies to any 100ms period 
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1-5-2 Operating Conditions 


Ta=-20~+70°C, Vop=5V, Vss=0V 


. Allowable Values 
Test Conditions 





Supply voltage 





— 7 
1 Voppl 32kKHz $ fose < 8 4MHz 


| 45 | so 
Supply voltage Boge 32kHz S$ fx < 65kHz 22 


Vpp Vpp-Ver potential difference 














perating speed” ” 


Instruction execution tel Vpp=4.3V~5.5V | 0475 
879 


speed te Vpp=2 2V~5.5V 
(an see 


























rystal oscillation’> OSC1, OSC2 
al 





Crystal frequency fxtall Vpp=4 3V~5.5V 


Si 


i 











Cn 
External capacitance 
Ciz 























Vop=2.2V~5 5V 


























<Note>*2 tcl: When OSC1 is used as the CPU clock 
t2: When XI is used as the CPU clock 


“3 Crystal oscillation ! *4 Crystal oscillation 2 
(Feedback resistor incorporated) (Feedback resistor incorporated) 


External capacitance is areference External capacitance is a 

















value reference value 
=o 
8 XI 
i 9 XO 
fxtal2 MN187XX23 
c21 
or 
The instruction cycle is obtained by dividing c22 


the clock frequency by 4 
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1-5-3 DC Characteristics 


(1) Supply current (no-load output)*5 
Vpp=5.0V, Vss=0V, Ta=-20~+70°C 


Allowable Values 
Test Conditions 


| Supply current Ipp1 fos=8 38MHz 





during operation lope [c= 32Kt, Vop=3 OV 








Supply current in ans Oscillation stopped, 
STOP mode Vpp=3 0V 














<Note>*5 Measured at Ta = 25°C, in no-load state. 
Supply current during operation Ipp1 is measured with all I/O pins set 
to input mode, the oscillation mode set to NORMAL, the CM pin fixed 
at the Vss level and input pins at the Vpp level, and an 8.38MHz 
square wave with the Vpp and Vss potentials as the amplitude input 
from the OSC1 pin. 
Supply current during operation Ipp2 is measured with all I/O pins set 
to input mode, the oscillation mode set to SLOW, the CM pin fixed at 
the Vss level and input pins at the Vpp level, and a 32kHz square wave 
with the Vpp and Vss potentials as the amplitude input from the X1 
pin. 
The supply current in STOP mode is measured with the oscillation 
mode set to STOP, the CM pin fixed at the Vss level and input pins at 
the Vpp level, and the OSC1 and XI pins open. 
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(2) Input pin 1 CM 


Voo=5.0V, Vss=0.0V, Ta=-20~+70°C 


Allowable Values 


Test Conditions 





Vop=2.7~5.5V 





Low-level Vpp=2.7~5.5V 

















3 | Input leakage voltage Vin=0.0~5 OV 


(3) VOpin3 P07 (RST) (Schmitt input with internal pull-up resistor) 


Vop=5.0V, Vss=0.0V, Ta=-20~+70°C 


Allowable Values 
Test Conditions 





Vop=4 3V~5.5V 





High-level 
Input voltage Vpp=2.7V~4.3V 











Low-level Vpp=2 7V~5 5V 
With pull-up resistor 


aaa ee Vin=1 5V 


Input current 








Input leakage 


current [With id = 


High-level 




















Output voltage 

















Low-level 





(4) VO pins 4 POO, P03, P11, P24~P27, P14~P17, P34, P40~P47, 
P90, P91 


Vop=5.0V, Vss=0.0V, Ta=-20~+70°C 


Allowable Values 
Test Conditions 





High-level Vpp=2 7V~5 SV 


Input voltage 
Low-level | Vpp=2.7V~5 5V 


3 | Input leakage current Vin=0V~5.0V 

















High-level Ion=-500pA 





Output voltage 











Low-level JoL=2mA 
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(5) VO pins 5 P01, P02, P04~P06, P10, P12, P13, P30~P33, P92, 
P93 (Schmitt input) 


Vop=5.0V, Vss=0.0V, Ta=-20~+70°C 
Allowable Values 
Min Typ | Max 


Test Conditions 





Vop=4 3~5 5V 





High-level 
Input voltage Vop=2 7~4 3V 


Low-level Vpp=2.7~5.5V 
Ee 





Input leakage current Vin=0V~5V 


High-level Ton=-SO00pA 46 
Output voltage 


Low-level lor=2mA 






































(6) High-voltage output pins 6 P70~P77, P80~P87 (DGT) 


Vop=5.0V, Vss=0.0V, Ta=-20~+70°C 


Allowable Values 





Test Conditions 


Vpp=5V, Vep=—30V 


1 | Output current 
Von=2 0V 








Vpp=5V, Vpp=—30V 


2 | Output leakage current 
Vou=—30V 











3 | Pull-down resistance Vou=SV, Vep=—30V 














(7) High-voltage output pins 7 P50~P57, P60~P67 (SEG) 


Voo=5.0V, Vss=0.0V, Ta=-20~+70°C 
Allowable Values 

= Unit 

Max 





Test Conditions 


Vpp=5V, Vep=-30V 


Output current 
Vou=2 OV 





Vpp=5V, Vpp=-30V 


Output leakage current 


Vou=-30V 





Pull-down resistance Vou=SV, Vpr=-30V 
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(8) Output pin 8 SYNC 


Vop=5.0V, Vss=0.0V, Ta=-20~+70°C 


Allowable Values 


Test Conditions 





High-level Tou=-2500A 





Output voltage 
Low-level Toc=I1mA 





(9) A/D converter 


Vov=5.0V, Vss=0.0V, Ta=-20~+70°C 


5A Allowable Values 
Test Conditions : 


Resolution 


Linearity error Vpp=5.0V, Vss=0V, 


Differential linearity error VREFH=5.0V, VREFL=OV 


aa 


Conversion time 8 59 
fosc=4 19MHz/8 38MHz 
Sampling time 0954 




















Zero transition 





Full-scale transition 














VREFH 
Reference voltage 


VREFL Vss 





Analog input voltage | VADIN 
11] Analog input current AADIN Vapin=0~5V ic 











12] Analog input leakage ADILK Vapin=0~5V 








13} Ladder resistance Rtadd 
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1-5-4 Example of Use of Ceramic Resonator 


A ceramic or crystal resonator can be used for the oscillation clock of the 
MN1873223. Figure 1-5-1 shows an example of the basic configuration when a 


comparatively low-cost ceramic resonator is used. 


MN1872223 


OSC1 osc2 


40H 


C1 c2 
Sees 


ci 














Figure 1-5-1 Example of Basic Ceramic Resonator Configuration 








In the case of a crystal or ceramic resonator connected to OSC1 and OSC2 or 
XI/XO, the circuit constants will depend on floating capacitance, etc., in the 

™ resonator and connected circuitry, and must be decided upon in consultation 
with the resonator manufacturer. 
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—Reference— 


Ceramic resonators manufactured by Matsushita Electronic Components, Ltd., are 
described below. 
@ Example for 4.00MHz oscillation frequency 
Ceramic resonator product code: EFOEC4004A (LJ) ({L)]: allowable frequency 
range) 
C1, C2=33pF (typ.) [incorporated in resonator] 
Hi Example for 8.38MHz oscillation frequency 
Ceramic resonator product code: EFOEC8384A [CJ] ({L1]: allowable frequency 
range) 


C1, C2=33pF (typ.) [incorporated in resonator] 


Osc osc2 





Resonators are also available which allow external connection of C1 and C2. 


For queries concerning the above ceramic resonators and evaluation of oscillator 
circuit constants, please contact the Ceramics Division of Matsushita Electronic 
Components, Ltd. at the following numbers. 


TEL 06-906-3192 (JAPAN) 
FAX  06-908-7735 (JAPAN) 
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1-6 Mask Option Checklist 


Date (MM/DD/YY) 
SE No. 





Model 


Sigunature 





1. Oscillation Mode 


Type A Type B 


<Note> Type A: Operation is started from a reset cycle in NORMAL mode 
Type B: Operation is started from a reset cycle in SLOW made. 





2. Pull-Down Resistor Settings Pull-Down Resistor 





Yes No 














nee 
J 




















<Note> 

Mask option contents are subject 
to change. When ordering a 
mask, please request the latest 
Option List from your Matsushita 
sales representative. 























Nola alo ml] /(/O;|N/ a) als 
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1-7 Package Dimensions 


Sealant: epoxy resin, lead material: Copper, lead surface treatment: Palladium plating 


22.90 £0.20 
18.00 £0.10 








oo 

~ 

FALL A ALG 8 oo 
_ 
<) Z| 

THOR E EE EE i 

nN 

18.00 £0.10 

22.90 10.20 
















2.85max 





0.40 £0.10 






SEATINGPLANE 





Package code name: *QFP084-P-1818E 


Figure 1-7-1 84-Pin QFP (18 mm Square) 


<Note> 


The package dimension drawing is subject to change. Please request product specifications from our sales staff before 
using this product. 
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apter describes the basic functional blocks of the 
70 Series CPU, covering the clock pulse 
or, instruction execution control block, pointer 
2 ters, flags, special registers, and interrupts. 


2-1 Clock Pulse Generator 


2-1-1 Overview 


The MN187XX23 has two oscillator circuits: the system clock oscillator 
circuit (OSC1, OSC2), and the SLOW operation and realtime clock oscillator 
circuit (XI, XO). Resonators and capacitors must be connected externally in 
order to operate this LSI. A crystal or ceramic resonator is used for OSC1 
and OSC2, and a 32kHz or similar crystal resonator for Xl and XO. XI and 
XO can be used for the realtime clock and time base as well as for the 
system clock. 


When mounting the components on a printed circuit board, 


keep the distance between the resonators, capacitors, and 
chip (MN187XX23) as short as possible. 


[ us Figure 2-1-1] 





Figure 2-1-1 shows the connection method. The optimum capacitor values depend 
on the resonator, and therefore the values specified by the resonator manufacturer 


should be used. 







5 OSC2 


6 OSC1 






7 VSS 





MN187XX23 


8 Xl 





Figure 2-1-1 Oscillator Circuit Connection Diagram 
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« 


Pattern design should alfow for 
thick GND lines to be used and 
to be connected at the shortest 
possible distance from the 
chip's Vss pin. Long wiring is 
susceptible to the effects of 
noise and may cause unstable 
oscillation. 





The connection method shown 
in the figure on the left is 
known as self-oscillation. 
External clock is available 
when a clock from off-chip is 
used as the microcomputer's 
system clock. 
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fosc is the source oscillation 
frequeng¢y, and fs is the system 
clock (machine cycle) frequency. 
The relationship between the 
two is: fs = fosc/4 (or fx/4) 


34 Clock Pulse Generator 


2-1-2 Machine Cycle 
Each state in the execution of an MN187XX23 instruction consists of a 
machine cycle comprising 4 clock cycles—S0, S1, S2, and S3—generated 


from the source oscillation (OSC1 and OSC2, or XI and XO). 


CPU control and instruction execution use this machine cycle as the basic timing 
cycle. [13s "MN1870 Series Instruction Manual" ] 


OSC1, OSC2 Pk i ae 


(XI, XO) 





CPU machine cycle 
System clock fs = fose/4 or fx/4 


Figure 2-1-2 Machine Cycle 


A machine cycle is generated from the source oscillation 
(OSC1 and OSC2, or XI and XO) and comprises 4 clock 


cycles—SO, $1, S2, and S3. [ 83> Figure 2-1-2 } 
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2-2 Instruction Execution Controller 


2-2-1 Overview 


The instruction execution control block is consist of a ROM area that stores 
instructions, an instruction queue buffer for instruction prefetching, an 
instruction register (IR), and an instruction decoder that decodes the 
contents of the instruction register and generates control signals for the 
various microcomputer blocks. 


IP 
Instruction execution control 








D 
@) 


Instruction Instruction 


queue buffer register 


Control signals 


oO 
— 
(2) 
= 
Oo 
3 
= 
a=) 
n 
i= 


Instruction decoder 





Figure 2-2-1 Instruction Execution Control Flowchart 
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2-2-2 ROM 


ROM: Read Only Memory ROM (read-only memory) is program memory that stores ihe program to be 


36 


executed. 


The MN1870 Series has separate instruction memory space (ROM) that holds 
instructions and data memory space (RAM) that holds data. ROM and RAM can 
both be accessed in the same CPU cycle, allowing fast instruction execution. 


ROM can be used to store fixed data such as table values as well as instructions. 


Table 2-2-1 Interrupt Handler Start Addresses 


Interrupt Source Vector Address 


(Reset CPU) (RESET) X'0000' 
External signal interrupt (edge input) (IRQO) X'0004' 
External signal interrupt (edge input) MRQ!1) X'0006' 


































External signal interrupt (edge input) (RQ2) X'0008' 
External signal interrupt (edge input) (IRQ3) X'000A' 

Timer 0 interrupt (TCOIRQ) X'000C’ : 
Timer 1 interrupt (TCIIRQ) | X'000E' 
Timer 2 interrupt (TC2IRQ) X'0010' 



































Timer 3 interrupt (TC3IRQ) X'0012’ 























Timer 5 interrupt (TCSIRQ) X'0016' 








Timer 4 interrupt (TC4IRQ) X'0014' 1 





Serial interface 0 interrupt (SIFOIRQ) X'0018' 
(SIFIIRQ) X'OO1A' 
Serial interface 2 interrupt (SIF2IRQ) X'001C’ 

















Serial interface 1 interrupt 














Key-scan interrupt (KYSIRQ) X'OO1E' 











Automatic data transfer interrupt (ADTIRQ) X'0020' 
(RSVIRQ) X'0022' 


















Reserved interrupt 





Instruction Execution Controller 


Figure 2-2-2 shows the MN1873223's ROM address space and interrupt vector 


addresses. 


X' 0000" 

























Start vector 


Xx 0023' 
X' 0024 


Userprogram, |) a agent rrrrrrcrectenttearenrrnnnennen 


(on-chip ROM) 


x' 0013 
x' 0014" 
x’ 0015' 
X' 0016' 
X' 0017' 
X' 0018' 
X' 0019 Serial interface 0 interrupt 
X' OO1A' 
X' 001B' 
X' 001C' 
X' 001D' 
X' OO1E' 
X' 001F' 
x’ 0020' 
X' 0021’ 
X' 0022' 
x’ 0023' 












X' 7FFF™ 






Reserved interrupt 


Figure 2-2-2 ROM Address Space and Interrupt Vector Addresses 
2-2-3 Instruction Register and Instruction Decoder 


The CPU reads the next instruction to be executed from ROM and latches it in the 
instruction register (IR). 

The instruction decoder (ID) decodes the contents of the CPU's instruction register 
in the instruction execution state, generates in sequence the control signals required 
to execute that instruction, and executes the instruction by controlling the various 


blocks in the chip. 
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* As the ROM size varies 
according to the model, this 
address also varies as 
follows: 

MN1872423: X'5FFF' 
MN1874023: X'9FFF’ 
MN1874823: X'BFFF’ 
MN187P6423: X'FFFF’ 
EP1876423: X'FFFF' 
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E3s>* For details of operation in 
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the case of a queue wait, 
see the "MN1870 Series 
instruction Manual.” 


2-2-4 Pipelining and Instruction Queue Operation 


Pipelining is a process whereby instruction reading and decoding is 
performed simultaneously with instruction execution, so that as soon as 
execution of one instruction ends, the next instruction can be executed 
immediately. Pipelining thus speeds up instruction execution by enabling 
instructions to be executed in a continuous sequence. Pipelining is 
performed by means of the instruction queue and the instruction decoder. 


The instruction queue is a single-stage instruction prefetch 


buffer. When the queue is empty in any state during 


instruction execution, control is performed to have the next 
instruction fetched into it. 





In the last state of instruction execution, the first word (operation code) of the 
executing instruction is stored in the instruction register. At the same time, the next 
operand or operation code is fetched into the instruction queue, so that the next 
instruction can be executed immediately even if a direct address (da) or immediate 
data (imm) is needed in the first state of that instruction. 

However, with some instructions, including branch instructions, the instruction 
queue becomes empty as soon as the operation code of the next instruction to be 
executed is stored in the instruction register in the last state. Therefore, a one-state 
queue wait occurs only in the case where the instruction queue is empty and a direct 
address (da) or immediate data (imm) is needed in the first state of the instruction to 
be executed. 

Control of the instruction queue is performed automatically by hardware, and need 
not be considered when writing a program. However, the operation of the 
instruction queue* must be understood when calculating program execution time. 
The instruction decoder generated control signals for each instruction execution 


state by means of microprogram control. 
The instruction decoder performs pipelining so that decoding is carried out one state 


before a control signal is needed. If a queue wait occurs due to instruction queue 
and instruction decoder pipelining, there is no loss of a state (loss of timing) due to 


instruction fetching and decoding. 
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When the single-stage instruction queue is empty, ROM is accessed. ROM access 
starts in the S2 cycle of a state and the ROM contents are read into the instruction 
queue in the next S1 cycle. The MN1870 Series uses pipelining for instruction 


decoding, performing instruction decoding and execution in parallel, and so 
increasing the instruction execution speed. [ © Figure 2-2-3 ] 


SO | Si j S2 


x xecution 1 


o Lg 2 Instruction Execution 2 


decode 2 | 
ROM read 3 | prtheated 


Figure 2-2-3 Basic Timing (No Queue Wait) 


Execution 3 
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Pointer Register 


2-3 Pointer Register 


2-3-1 Overview 


The pointer register consists of four 16-bit registers: the instruction pointer 
(IP), stack pointer (SP), and data pointers (XP and YP). 

A register is called a "pointer" when its contents are used to specify a 
memory address. 


15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 490 


Figure 2-3-1 Pointer Register Configuration 












2-3-2 Instruction Pointer (IP) 


The instruction pointer (IP) is a 16-bit register that indicates the execution 
address of an instruction stored in ROM. This register controls the order of 
execution of instructions in the program memory. 
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2-3-3 Stack Pointer (SP) 


The stack pointer (SP) indicates the address of the stack area that saves 
data using part of RAM. 


The stack area holds the execution address of the next instruction (or the next 
address after a branch source address) in the case of an interrupt or CALL 
instruction, data saved/restored by the PUSH/POP instructions, and so on. 
The data stored in the event of an interrupt consists of three bytes: the upper and 
lower address bytes of the instruction pointer when the interrupt is generated, and 
the flag status byte. The SP is decremented by 3. 
The data stored in the case of a CALL instruction consists of two bytes: the upper 
and lower address bytes of the IP (the next address after the branch source address). 
The SP is decremented by 2. 
The number of bytes of data stored when a PUSH instruction is executed depends 
on the operand. 

@ PUSH imm, PUSH (da) 

The data stored is one-byte immediate data or the byte specified by a direct 

address. The SP is decremented by 1. 

@ PUSH XP, PUSH YP 

The data stored is the two bytes of XP or YP. The SP is decremented by 2. 
The stack pointer is set to X'0100' by hardware in a reset, and therefore the 
necessary SP value must be set again taking account of the amount of stack space 
required for interrupts, subroutine nesting, and PUSH/POP instructions. 
When the stack area is used to write data, the SP is decremented before the write. 
When the stack area is used to read data, the SP is incremented after the read. The 
stack pointer is 16 bits long, and moves up and down within a 64-Kbyte area. 

[ 83> Figure 2-3-2 } 


CALL instruction RET instruction 
(write) (read) 



































SP after —> : SP before —> ; rae 
execution *IP lower address execution *|IP lower address 
*IP upper address *|P upper address 
SP before > 7 , , SP after —> ae : 
execution execution a 
= High addresses 











a) < 
*|P indicates address after branch source address 


Figure 2-3-2 Stack Pointer (SP) Operation 


Pointer Register Al 
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2-3-4 Data Pointers (XP, YP) 


The data pointers (XP, YP) are 16-bit data RAM address pointers. 

In direct address mode (DF=1), in the case of a double-operand instruction the upper 
8 bits of XP and the destination address are added together to indicate a RAM 
address, and the upper 8 bits of YP and the source address are added together to 
indicate a RAM address. 

With other instructions, the upper 8 bits of XP and the destination address are added 
together to indicate a RAM address. [ 8 Figure 2-3-3 } 

With register indirect addressing, the RAM address indicated by XP/YP is accessed. 








re 
RAM address 


Figure 2-3-3 RAM Address Modification by Data Pointer 
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2-4 Arithmetic and Logic Block 


2-4-1 Arithmetic and Logic Unit (ALU) ALU 
(Arithmetic Logical Unit ) 
The arithmetic and logic unit (ALU) performs an arithmetic operation 
(addition/subtraction, multiplication/division, decimal addition, 
increment/decrement, or compare) or a logic operation (AND, OR, XOR, 
complement, rotate, or nibble swap) on data input from the data bus to two 
8-bit latches, and outputs the result to the data bus via an output latch. 
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2-5 Flag Block 


2-5-1 Overview 


The flag status byte consists of a 3-bit register comprising the carry flag (CF) 
and zero flag (ZF) (operation flags) and the direct flag (DF) (address control 
flag), and a control section. [ 83> Figure 2-5-1 ] 

The flags automatically record various information relating to the result of an 
operation. The flag status byte is saved to the stack area when an interrupt 
processing is executed, and restored on return from the interrupt. 


7 6 5 4 3 2 1 0 
eee es ie ee 









Upper 8 bits of RAM address are 
all cleared to 0. 


RAM address value is replaced by 
upper 8 bits of XP or YP. 





ALU operation result is set. 


Figure 2-5-1 Flag Status Byte 


2-5-2 Carry Flag (CF) 


The carry flag is set when the ALU operation result overflows or underflows, and 
reset otherwise. 


This bit can also be manipulated by the SET and CLR instructions. 
2-5-3 Zero Flag (ZF) 
The zero flag is set when the ALU operation result is 0, and reset otherwise. 


2-5-4 Direct Flag (DF) 


This is an address control flag, controlling the RAM address value in direct 
addressiig mode. It is set and reset by instructions (SET DF, CLR DF). In a CPU 
reset, it is reset to 0 by hardware. 


The direct flag controls direct addresses as shown below. 


DF=0: The upper 8 bits of the address are processed as 0. 
DF=1: The upper 8 bits of the XP or YP address are processed as the 
upper 8 bits of the RAM address. 
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in direct addressing mode, a 
RAM address value is 
specified directly as the 
operation code operand value. 


* Specifiable RAM address range 


DF=0: X'0'~X'FF' 
DF=1:  X'0'~X'FFFF’ 
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RAM: Random Access 


Memory 
C 
a 


In the reset state the stack 
pointer is set to X'100’. It must 
therefore be initialized to the 
required value by the program. 











< 


* As the RAM size varies 
according to the model, the 
last address of the internal 
RAM area also varies as 
follows: 

MN1872423: X'22F' 
MN1874023: X'42F' 
MN1874823:  X'42F' 
MN187P6423: X'7CF’ 
EP1876423: X?2AF' 
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2-6 Data Memory Block (RAM) 


2-6-1 Overview 


RAM is memory in which information can be written to and read from any 
address. MN187XX23 microcomputers have from 512 to 1024 bytes of 
RAM, depending on the model. The RAM is memory-mapped, and data 
memory (RAM), special registers, and /O ports are all located in the RAM 
memory space. The special registers and I/O ports are located in the area 
starting at address X'000', and the remaining area is used as data RAM and 
the stack area. 


2-6-2 RAM Memory Space 


X' 000" 


1/0 ports 


Special registers 
X' 04F 
X' 050° 


(Internal RAM) 


x 42F* 
x' 430'* 


({Uninstalled area) 


X' 7DF' 
X' 7EO' 
FLP display data 





X' 7FF 


Figure 2-6-1 MN1873223 RAM Address Space 


X' 000" 
X' 008" 
X'010' 
X' 018' 
X' 020' 
x' 028" 
X' 030' 
X' 038" 
X' 040° 
X' 048° 


X' 050° 


aaa) 
x' 430°"! 


y 


X' 7DF 
X' 7E0' 





X' 7FF' 


PORTO 


PORT1 PORT2 


PORT4 


PORTS | PORT6 
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PORTS | PORTE 


PFSRO 


PFSR2 DNDR 


FCMR 





IFO 


-. 





1EO 


1E1 | CPUM 





— 


P1DIR P2DIR 


P4DIR 


P9DIR ie — 





SIBUFO 


SIBUF1 By 





SBCO SBC1 


2a) 





TCO/BCO 


TMO TC1/BC1 


TM2 TC3/BC3 


ADC 





PWMHR | PWMLR 


Saat 


PWMLL 


eeures | SIM2 





ADTB TAPL | TAPH Lane Aaa 


a DAPH 





PORON 


P1RON P2RON 


P3RON 





P4RON PSRON 





TC4/BC4 


TM4 TC5/BCS 


TMS 





1= 


|__ 


Internal RAM area 





— 


Uninstalled area 

















FLP display data** 











—— indicates 
uninstalled RAM. 
(RW prohibited) 








Figure 2-6-2 MN1873223 RAM Address Space C 
a 


*1 As the RAM size varies 
according to the model, the last 
address of the internal RAM 


area also varies as follows: 
MN1872423: X'22F’ 
MN1874023: X’42F' 
MN1874823: X'42F' 
MN187P6423: X'7CF' 
EP1876423: X2AF' 


*2 ff the area from X'7E0' to 
X'7FF’ is not used for FLP 
display, it can be used as 
ordinary RAM. 
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2-7 Special Register Block 


2-7-1 Overview 


In the MN187XX23, addresses X'000' to X'04F' are allocated as the special 
register area. 


2-7-2 List of Special Registers 


Table 2-7-1 Special Registers (1/3) 


Register RAM 
Symbo! Address | 
PORTO 


PORT] 


PORT2 



































X'005' 
X'006' 
X'007' 
X'008' 


[008 
Port/FLP select register 0 X'00A' 


Porv/FLP select register 1 X'00B' 





















































Port/FLP select register 2 zi X'00C’ 





Digit number/dimmer register X'00D' 
FLP clock mode register X'00E' 





Interrupt mode control register X'010' 








Interrupt request flag register 0 X'012' 
Interrupt request flag register 1 X'013' 
Interrupt enable flag register 0 X'014' 




















Interrupt enable flag register 1 X'015' 
CPU mode register X'016' 








Port 0 direction control register X'018' 





Port 1 direction control register x'019 








Port 2 direction control register X'O1A' 




















Port 3 direction control register X'01B' 
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Table 2-7-1 Special Registers (2/3) 











































Sb | Name | geiees 

P4DIR Port 4 direction control register X'O1C 80 
PODIR [Por 9 direction control register Xx‘01D' 80 
SIBUFO | Transmit/receive shift buffer 0 X'020' 143 

















Transmit/receive shift buffer 1 X'021' 












































Serial interface mode register 0 —_ X'022' 147 
SIM1 Serial interface mode register 1 X'023' 148 
SBCO Serial interface bit counter 0 X'024' 144 
SBC1 _| Serial interface bit counter 1 | xes 145 
RMC Remote control/noise filter control register X'027' = |202, 213 




















TCO/BCO | Programmable timer counter 0 (timer latch O/binary counter 0) X'028' 





TMO~ . | Timer mode register 0 X'029' 














TC1/BC1 | Programmable timer counter 1 (timer latch 1/binary counter 1) X'O2A' 











TMI Timer mode register 1 X'02B' 120 





TM2 Timer mode register 2 X'02C' 121 
TC3/BC3 | Programmable timer counter 3 (timer latch 3/binary counter 3) X'02D' | 117 


















A/D control register X'02E' 194 
AD buffer X'02F 195 
PWMC_| PWM control register X'030" 186 


PWMHR | PWM6O data register upper 7 bits Xx'031 


















































PWMLR | PWM0O data register lower 7 bits X'032' 187 

















PWMHL | Pwmo data latch upper 7 bits x033' | 187 
PWMLL | PWM0 data latch lower 7 bits X'034 187 




















SIBUF2 | Transmit/receive shift buffer 2 x'035' 143 
SIM2 Serial interface mode register 2 | X'036 149 
Serial interface bit counter 2 X'037' 146 





























































ADTC Automatic data transfer control register x'038" 227 
ADTB Transfer byte counter a 228 
TAPL Z| Data transfer target address register lower 8 bits X'03A' 229 
TAPH Data transfer target address register upper 8 bits X'03B' 229 
sAPL | Data transfer source address register lower 8 bits X'03C 











SAPH Data transfer source address register upper 8 bits X'03D' 
DAPL [pata transfer destination address register lower 8 bits X'03E 230 














DAPH Data transfer destination address register upper 8 bits X'03F 




















PORON | Port 0 pull-up control register 
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Special Register Block 


Register 
Symbol 


Table 2-7-1 Special Registers (3/3) 


Name 


RAM 
Address 





Port 1 pull-up contro} register 


X'041' 





Port 2 pull-up control register 


[ x'042' = 





P3RON 





Port 3 pull-up control register 





P4RON | Port 4 pull-up control register 





X'044' 





P9RON 





Port 9 pull-up control register 


T X'045' 








TC4/BC4 | Programmable timer counter 4 (timer latch 4/binary counter 4) X'048' 








Timer mode register 4 


X'049" 








TCS/BCS 


Programmable timer counter 5 (timer latch S/binary counter 5) X'04A’ 





T5 





Timer mode register 5 








PWMR2 


PWM2 data register 


X'04E' 








| xo" 4 
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2-8 Interrupt Controller 


2-8-1 Overview 


The interrupt controller interrupts the flow of the executing program in 
response to an interrupt request, saves the program status at the point of 
interruption on the stack, and controls the start of execution of an interrupt 
handler according to the interrupt source. 

With the MN187XX23, the user can use 15 kinds of interrupt sources except 
a reset. [ 8 Figure 2-8-1 ] 

Vector addressing is used to specify the start address of an interrupt 
handler, and the user can freely specify vector addresses set in ROM in 
accordance with the various interrupt sources. [ && Table 2-8-1 ] 


2-8-2 Interrupt Sources and Interrupt Vector 


Addresses interrupt mode control register 
(IRQM: X'010' R/W) 

Bit 4: IEMASK 

(interrupt enable mask flag) 


An interrupt is accepted by the interrupt controller only when both the interrupt 
request flag (IF) and interrupt enable flag (IE) for that particular interrupt are set 
while the interrupt enable mask flag (IEMASK) is cleared. 
When an interrupt is accepted, execution of the interrupt handler is started. 
However, while an interrupt handler is current being executed, unless multiple 
interrupts are permitted by the program, handling of the newly accepted interrupt is 
deferred until the currently executing interrupt handler completes. 

[ && Figure 2-8-2 ] 
If a number of interrupts are accepted simultaneously, they are handled in order 


according to the priority levels determined by hardware. [ & Table 2-8-1 ] 


Interrupt Controller 5] 


Chapter 2 Basic CPU Functions 












Maskeable interrupts 
{with IE flag) 


IRQO (edge interrupt) 
IRQ1 (edge interrupt) 
IRQ2 (edge interrupt) 
IRQ3 (edge interrupt) 





External sources 


TCOIRQ 
TC1IRQ 
TC2iIRQ 
TC3IRQ 
TC4IRQ 
TCS5IRQ 
SIFOIRQ 
SIF1IRQ 
SIF2IRQ 
KYSIRQ 
ADTIRQ 


Internal sources 


Figure 2-8-1 Interrupt Sources 


Table 2-8-1 Interrupt Handling Vector Addresses 


Interrupt Source Vector Address | Priority 
(Reset CPU) (RESET) X'0000' 





External signal interrupt (edge input) (IRQO) ah X'0004' 





External signal interrupt (edge input) (IRQ1) X‘0006' 





External signal interrupt (edge input) (IRQ2) X'0008' 





External signal interrupt (edge input) (IRQ3) X'000A' 
Timer 0 interrupt (TCOIRQ) | xo00c’ | 
Timer | interrupt (TC1IIRQ) X'000E' 
Timer 2 interrupt (TC2IRQ) ole x0010"_| 
Timer 3 interrupt (TC3IRQ) X'0012' 
Timer 4 interrupt (TC4IRQ) a X'0014' 
Timer 5 interrupt (TCSIRQ) X'0016' 





























Serial interface 0 interrupt (SIFOJRQ) X'0018' 





Serial interface 1 interrupt (SIFIIRQ) X'O01A’ 
Serial interface 2 interrupt (SIF2IRQ) X'001C’ 











Key-scan interrupt (KYSIRQ) X'001E' | 


X'0020" 
—| 


Reserved interrupt (RSVIRQ) X'0022' 





Automatic data transfer interrupt (ADTIRQ) 
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Interrupt 
Interrupt enable flags (IE) Interrupt request flags (IF) (External) 
(timer counter) 
R R (serial, etc.) 


Interrupt acceptance 


Output in interrupt 






acceptance cycle. 
AND circuit 
Interrupt priority control 
(EMASK clear 


Interrupt mask control 
Mask ON 


Mask OFF | ¢ ____ R71] instruction execution 


if Interrupt acceptance 


Interrupt request to CPU 


Figure 2-8-2 Interrupt Control Block 


2-8-3 Interrupt Acceptance 


The interrupt acceptance operation begins when a serial or other interrupt is 
generated, and ends with a branch to the start of the interrupt handler. 

{ n> Figure 2-8-3 ] 

When an interrupt is generated, the interrupt request flag (IF) for the corresponding 
interrupt level is first set. If the interrupt enable flag (JE) for the level 
corresponding to the interrupt request flag (IF) is set at this time, the generated 
interrupt receives the right to be accepted. If no other interrupt handling is being 
performed, the interrupt with the highest priority level of those generated is 
accepted. While other interrupt handling is in progress, unless multiple interrupts 
are permitted, the new interrupt is accepted after the current interrupt handling is 
completed. 

Interrupt acceptance processing involves operations similar to those performed 
when a CALL instruction is executed. In the interrupt acceptance cycle, the 
instruction pointer (IP) and flag status byte (FS) are written to (‘pushed onto") the 
stack area in RAM. 


interrupt mode control register 
(IRQM: X'010' R/W) 

Bit 4: IEMASK 

(interrupt enable mask flag) 
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The values of status flags CF, 
ZF, and DF are not changed by 
interrupt generation. 





Program execution 


Main program 1 






Instruction 100 
Instruction 101 
Instruction 102, 
= Instruction 103 
Instruction 104 | 
~ Instruction 105 
Instruction 106 
instruction 107 
Instruction 108 




















Instruction 109 


Instruction 110 

Instruction 111 
Instruction 112 

Instruction 113 

~_Instruction 114 

| _ Instruction 115 

; instruction 1 16 

| instruction 117 

Instruction 118 

Instruction 119 
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Next, to determine the start address of the interrupt handler, the predetermined 


interrupt handler start vector address for the relevant interrupt source is read from a 


specific address in ROM, and set in the instruction pointer (IP). 


The If and IF flags for the level corresponding to that for which interrupt 


acceptance is current being performed are to be reset, and IEMASK is to be set, 


causing hardware masking of the IE flags for all levels and so disabling acceptance 


of al] interrupts. 


Interrupt handler 


Instruction 300 


Instruction | 301 
Instruction 302 


Instruction 303 





Instruction 304 
Instruction 305 





ROM area 












Interrupt handler start address 
(instruction 300ADR} 





Interrupt handler start address + 1 








Instruction pointer Stack area 









New IP value 
(instruction 300ADR) 


Old IP value 
{instruction 109ADR} 


Old FS (CF, ZF, DF} 





Old IP value (low) 





Old IP value (high) 


*: Locations of interrupt handling occurrence 
Instruction 109ADR: address of instruction 109 
Instruction 300ADR: address of instruction 300 


Figure 2-8-3 Interrupt Operation 


2-8-4 Return from Interrupt 


The interrupt return processing for returning from interrupt handler execution 
to the main program is performed by the RETI instruction. 


The RET1 instruction operates in a similar way to the RET instruction (Return) used 
to return from a subroutine to the main routine. [ U3 Figure 2-8-4 ] 

When the RETI instruction is executed, the pre-interrupt instruction pointer (IP) and 
flag status byte (FS) values previously pushed onto the stack area RAM are restored 
to the instruction pointer (IP) and flag status byte (FS), and the program flow is 
restored to its state prior to the interrupt. 

The interrupt response time, taking the worst case in which a 10-cycle divide 
instruction is being executed, is a maximum of 12 machine cycles from interrupt 


generation until the start of interrupt acceptance, and 18 machine cycles until the 


branch to the start of the interrupt handler. 


Interrupt acceptance in the MN187XX23 can be temporarily 
disabled either by setting the interrupt enable mask flag 
(IEMASK) or by clearing the interrupt enable flags (IE). As 
interrupt handling uses pipelining, whichever method is used it 
is possible that an interrupt may be accepted after the disabling 


instruction is executed. 


1. Using interrupt mask flag 
If an interrupt is accepted immediately after execution of the instruction that 
sets the interrupt mask flag, the set interrupt mask flag will be cleared. 
@ Remedy 
Monitor the interrupt mask flag after setting it to confirm that it is actually set. 
set 


tlbz 


(IROM) ITEMASK 
(IRQM) IEMASK, $loop1 


loopl 


. Using interrupt enabling 
If an interrupt is accepted immediately after execution of the instruction that 
clears interrupt enabling, and the interrupt enable flag is set during interrupt 
handling, the cleared flag will be set again. 

@ Remedy (in case of IRQO) 
Monitor the interrupt enable flag after clearing it to confirm that it is actually 
cleared. 

elr 


loop1 (IEO) IEIRQO 


tlbnz (IEO} IEIRQO, $loopi 
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( 


When the RETI instruction is 
executed, IEMASK is reset and 
the hardware interrupt enable 
flags (IE) are unmasked. 
Consequently, all interrupt 
enable flags (IE) that were set 
immediately before interrupt 
acceptance become valid. 
However, the IE flag for the 
interrupt level currently being 
handied is cleared in the 
interrupt acceptance cycle, and 
so does not become valid 
unless set again in the interrupt 
handler. 





Interrupt mode control register 
(IRQM: X'010' R/W) 

Bit 4: IEMASK 

(interrupt enable mask flag) 
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2-8-5 Stack Operation in Case of Interruption 


The stack level at the time of interrupt acceptance and interrupt return varies by 
only the 3 bytes of the instruction pointer (IP) and flag status byte (FS) that are 
pushed or popped. 

With a normal interrupt, the instruction pointer (IP) and flag status byte (FS) are 
pushed, and therefore a 3-byte stack area is needed. Consequently, the stack pointer 


(SP) value is incremented by 3 on return from the interrupt. [ © Figure 2-8-4 ] 


In the interrupt acceptance cycle, first the stack pointer (SP) is decremented, then 
the 16-bits of the instruction pointer (IP) and the 8 bits of the flag status byte (FS) 
are written to the stack area RAM. The stack pointer (SP) is therefore decremented 
by 3 relative to its value before the interrupt. 

Interrupt return is performed by means of the RETI instruction. The RETI 
instruction restores the flag status byte (FS) and instruction pointer (IP), which were 
pushed onto the stack area RAM in the interrupt acceptance cycle, to their original 
values. After the value in the RAM indicated by the stack pointer (SP) has been 


read, the stack pointer (SP) is incremented. 


IRQ instruction ; , 
RETI instruction 
































(in case of 
interrupt) 
SP after —> SP before > 
interrupt *FS(CF, ZF, DF) return *FS(CF, ZF, DF) 
*IP lower address *|P lower address 
*|P upper address *IP upper address 
SP before —> SP after —> 
interrupt return 
High addresses 





*IP indicates interrupt source address. 


Figure 2-8-4 Stack Pointer (SP) Operation in Case of Interrupt 
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2-8-6 Interrupt Enable Hardware Mask 


A hardware mask function is provided which disables all levels of interrupts 


when the interrupt acceptance cycle is started, to prevent further interrupt interrupt mode control register 


acceptance. 
In the interrupt 


(IRQM: X'010'R/W) 
handling cycle, the interrupt enable mask flag (IEMASK) is Bit 4: IEMASK 


set and interrupt enable flags (IE) are cleared to disable new interrupt 


acceptance. 


Hardware masking of interrupts is released on return from the interrupt (execution {!RQ: External interrupt 


of the RET] instruction), and can also be released by resetting IEMASK. Multiple 
interruption is not enabled unless IEMASK is reset. [ €° Figure 2-8-5 ] 


Program execution 


Main program 














Instruction 100 
(SET IEIRQ, IETC) 


Instruction 101 
Instruction 102 
Instruction 103 


- Instruction 104 | 
: Instruction 105 | 
___Instruction 106 | 
Instruction 107 | 
(nsteuction 108 | 
Instruction 109 
Instruction 110 
Instruction 111 | 


Instruction 112 
_ (SET IFIRQ, IFTC) 








Instruction 113 
& IAQ, TCIRG generation 


Instruction 114 
Instruction 115 
~_ Instruction 116 
Instruction 117 


Instruction 118 
Instruction 119 
{nstruction 120 








TCIRQ: Timer interrupt 

IFIRQ: External interrupt 
request flag 

IEIRQ: External interrupt 
enable flag 

IFTC: Timer interrupt request flag 

1ETC: Timer interrupt enable flag 







Interrupt handler 1 start address (instruction 2D0ADR) 








Interrupt handler 1 start address + 1 | 


| 


4 








Interrupt handler 2 start address (instruction 300ADR) 





Interrupt handler 2 start address + 1 













Instruction pointer Stack area_ 









New IP value Cane 
{instruction 300ADR 
Old IP value @ wae 








Old FS @ (CF, ZF, DF) 












Old IP value @ (low) 











(instruction 205ADR) 
Interrupt handler 1 ‘CIRQ generation, retum! ais 
(IRQ} a 7 ) Old IP value @ (high) 
Instruction 200" oS 
Instruction 201 








New IP value © 
{instruction 200ADA) 


Old IP value © 
(instruction 114ADR) 


(IRQ generation, return} 





7 Old FS © (CF, ZF, Di 
Instruction 202 Interrupt handler 2 oe : . 
Instruction 203 (CLR IEMASK) (TCIRQ) 


Instruction 204 Instruction 300 
Instruction 301 


Instruction 302 
Instruction 303 
Instruction 304 (SET IETC) 


Instruction 205 (SET IEIRQ) Instruction 305 (RETI) 
~~ 
Instruction 306 (RETI) 


Notes: * {EMASK = 1 and IEIRQ =0 under hardware control 
“2 IEMASK = 1 and JETC = 0 under hardware control 


Instruction 300ADR: address of instruction 300 
instruction 205ADR: address of instruction 205 
Instruction 200ADR: address of instruction 200 
Instruction 114ADR: address of instruction 114 


Old IP value © {tow) 
"2 : 


Old IP vatue © (high) 





Figure 2-8-5 Multiple Interrupt Operation 


Interrupt Controller 57 


Chapter 2 Basic CPU Functions 


58 Interrupt Controller 


2-8-7 Interrupt Control Registers 


The MN187XX23 has the following control registers. Interrupt control, interrupt 


request flags, and interrupt enable flags are all forms of register control. 
{ & Table 2-8-2 ] 


Table 2-8-2 Interrupt Control Registers 


Register Abbreviation | RAM Address R/iW Register Name 


IRQM X'010" R/W Interrupt mode control register 






























| X'012' R/W Interrupt request flag register 0 
IF1 Xx'013' R/W Interrupt request flag register 1 
TEO X’014’ R/W Interrupt enable flag register 0 











X'015' Interrupt enable flag register 1 











These registers are described in detail below. 


(1) Interrupt mode control register (IRQM) 


mIRQM 
The interrupt mode control register (IRQM) is allocated to RAM address X'010, 


and performs interrupt control. 


@ EDGEDIRO~3 

Bits 0 to 3 specify the active edge of the external interrupt signals IRQO~3). When 
one of these bits is modified, the interrupt enable flag (IF) may be set; therefore, the 
interrupt enable flag (IE) should be masked before modifying these bits. These bits 
are cleared to 0 by a reset. 

@ IEMASK 

Bit 4 specifies whether acceptance of all interrupts is enabled. It masks all interrupt 
enable flags (IE) and temporarily disables acceptance of all interrupts. It is set to 1 
by interrupt acceptance. To enable multiple interrupts, this bit should be cleared by 
an instruction in the interrupt handler. The IEMASK bit is cleared to 0 by the RETI 


instruction or a reset. 
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IRQM (After reset: - --00000) 


0 
EDGED 
tRO 

EDGEDIRO| iRQ0 valid edge specification 
Falling edge valid 
Rising edge valid 
EDGEDIR1 | IRQ? valid edge specification 
Falling edge valid 
Rising edge valid 
EDGEDIR2| IRQ2 valid edge specification 
Failing edge valid 
Rising edge valid 
IRQ3 valid edge specification 
0 Failing edge valid 
4 Rising edge valid 
interrupt enable mask flag 
0 Interrupts enabled 
1 Interrupts disabled 


Figure 2-8-6 Interrupt Mode Control Register (IRQM: X'010' R/W)) C 
a 


4 3 2 1 
EDGED | EDGED] EDGED 







































































— indicates an uninstalled bit. 
An undefined value is returned 
if read. 





(2) Interrupt request flag registers (IF) 


The interrupt request flag registers (IFO, IF1) are set by generation of an 
interrupt. 


i Interrupt request flag register 0 (IFO) 

IFO bits are set to 1 by generation of an interrupt, and upon reset or interrupt 
acceptance, the interrupt request flag for the accepted interrupt only is cleared to 0. 
All bits are cleared to 0 by a reset. [ 18° Figure 2-8-7 ] 


i interrupt request flag register 1 (IF 1) 
IF1 bits are set to 1 by generation of an interrupt, and upon reset or interrupt 
acceptance, the interrupt request flag for the accepted interrupt only is cleared to 0. 


All bits are cleared to 0 by areset. [ "3 Figure 2-8-8 ] 
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IFO 


6 5 4 











3 2 1 0 
a won 








(After reset: 00000000) 


IRQO interrupt request flag 


Interrupt not generated, interrupts accepted 
Interrupt generated 
IFIRQ1 | IRQ1 interrupt request flag 
0 Interrupt not generated, interrupts accepted 
1 Interrupt generated 


IRQ2 interrupt request flag 


0 Interrupt not generated, interrupts accepted 
1 Interrupt generated 



















































IFIRQ3 | (RQ3 interrupt request flag 


Interrupt not generated, interrupts accepted 
Interrupt generated 



















IFTCO | Timer 0 interrupt request flag 
Interrupt not generated, interrupts accepted 
Interrupt generated 

























IFTC1 | Timer 1 interrupt request flag 


Interrupt not generated, interrupts accepted 
Interrupt generated 






















IFTC2 | Timer 2 interrupt request flag 
Interrupt not generated, interrupts accepted 
Interrupt generated 




















IFTC3 | Timer 3 interrupt request flag 


0 Interrupt not generated, interrupts accepted 
1 Interrupt generated 














Figure 2-8-7 Interrupt Request Flag Register 0 (IFO: X'012' R/W) 
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0 
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IFTC4 | Timer 4 interrupt request flag 


—_ Interrupt not generated, interrupts accepted 


Interrupt generated 
FTCS 


Timer 5 interrupt request flag 
—_ Interrupt not generated, interrupts accepted 
IFSIFO | Serial interface 0 interrupt request flag 


Interrupt generated 
— interrupt not generated, interrupts accepted 





























Interrupt generated 
{FSIF1 | Serial interface 1 interrupt request flag 


i Interrupt not generated, interrupts accepted 


Interrupt generated 
IFSIF2 | Serial interface 2 interrupt request flag 
























Interrupt not generated, interrupts accepted 
Interrupt generated 




















Key-scan interrupt request flag 


Interrupt not generated, interrupts accepted 
Interrupt generated 


ADT interrupt request flag 












0 
1 
0 

















IFADT 


ie] 
1 





Interrupt not generated, interrupts accepted 
Interrupt generated 

















IFRSV | Reserved interrupt request flag* 


Interrupt not generated, interrupts accepted 
1 












Interrupt generated 


Figure 2-8-8 Interrupt Request Flag Register 1 (IF 1: X'013' R/W) 


(3) Interrupt enable flag registers (IE) 


The interrupt enable flag registers (IEO, IE1) control interrupt enabling. 


@ Interrupt enable flag register 0 (IEO) 


IEO specifies whether interrupt request acceptance is enabled. 


When interrupts are to be accepted, the IEMASK bit in the interrupt mode control 


register (IRQM) must be cleared to 0. 


When an interrupt is generated, the interrupt enable flag for the accepted interrupt 


only is cleared to 0. 
All bits are cleared to 0 by a reset. [ 8 Figure 2-8-9 ] 


* The reserved interrupt (RSV) 
is reserved for future addition 
of an interrupt source. 
However, if 1 is written to 
both IFRSV and IERSV, the 
program will branch to the 
address indicated by vector 
address X'0022". 





Interrupt mode conirol register 
(IRQM: X'010' R/W) 
Bit 4: IEMASK 
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IEO 


7 6 








5 4 


1 0 
R01 |iemco (After reset:00000000) 










e100] IRQO interrupt enable flag 
Interrupts disabled 
Interrupts enabled 
einar| IRQ1 interrupt enable flag 
0 Interrupts disabled 
1 Interrupts enabled 
IEIRQ2| !RQ2 interrupt enable flag 
| 0 _| Interrupts disabled 
| 4 | Interrupts enabled 
serra IRQ3 interrupt enable flag 
Interrupts disabled 
Interrupts enabled 
IETCO | Timer 0 interrupt enable flag 
0 Interrupts disabled 
4 Interrupts enabled 


IETCi | Timer 1 interrupt enable flag 
Interrupts disabled 
Interrupts enabled 




















































































1ETC2 | Timer 2 interrupt enable flag 
Interrupts disabled 
Interrupts enabled 














Interrupt Controller 








IETC3 | Timer 3 interrupt enable flag 
Interrupts disabled 
Interrupts enabled 


Figure 2-8-9 Interrupt Enable Flag Register 0 (IEO: X'014' R/W) 
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@ Interrupt enable flag register 1 (IE1) 

IE1 specifies whether individual interrupt request acceptance is enabled. 

When interrupts are to be accepted, the IEMASK bit in the interrupt mode control 
register (IRQM) must be cleared to 0. 

When an interrupt is generated, the interrupt enable flag for the accepted interrupt 
only is cleared to 0. 

All bits are cleared to 0 by a reset. [ © Figure 2-8-10 } 


7 6 5 4 3 2 1 0 
IERSV | IEADT IESIF1 lETC4 






\E1 (After reset: 00000000) 














IETC4 | Timer 4 interrupt enabie flag 
0 Interrupts disabled 
1 Interrupts enabled 
IETCS5 | Timer 5 interrupt enabie flag 
Interrupts disabled 
Interrupts enabled 
Serial interface 0 interrupt enable flag 
Interrupts disabled 
Interrupts enabied 
IESIF1 | Serial interface 1 interrupt enable flag 
Interrupts disabled 
Interrupts enabled 
IESIF2 | Serial interface 2 interrupt enable flag 
Interrupts disabled 
Interrupts enabled 
IEKYS | Key-scan interrupt enable flag 
0 Interrupts disabled 
1 Interrupts enabled 


IEADT | ADT interrupt enable flag 
0 
1 

























































































interrupts disabled 
Interrupts enabled 


Reserved interrupt enable flag* 


Interrupts disabled 
Interrupts enabled 






















Figure 2-8-10 Interrupt Enable Flag Register 1 (IE1: X'015' R/W) 





* The reserved interrupt (RSV) 
is reserved for future addition 
of an interrupt source. 
However, if 7 is written to 
both IFRSV and IERSYV, the 
program will branch to the 
address indicated by vector 
address X'0022". 
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2-8-8 Outline Interrupt Flowchart 


Interrupt generated 


i 


Determine interrupt priority 


Save instruction pointer and 


alae 5 flag status byte values to 
operations stack area 

{hardware 

processing) 


Set interrupt handler start 
address to instruction 
pointer 





IFe"0" 
IE "0" 


JIEMASKe "7" 





(Software processing) Execute interrupt handier 


Restore values saved in 


stack area to instruction 
pointer and flag status byte 


Interrupt return 
operations 
(hardware 
processing) 





iEMASKe"0" 





End of interrupt 


IF (interrupt request flag) and IE (interrupt enable flag) 
must both be set. 


Determination of whether an interrupt handler is executing. 
If so, the interrupt is held pending until the handler complete. 
if IEMASK (interrupt enable mask flag) is 1, an interrupt 
handler is executing. 


If interrupts are generated simultaneously, the highest-priority 
interrupt is selected according to the interrupt priorities 
predetermined by hardware. 

Saved to the stack area, to be restored on completion of the 
interrupt. 


The interrupt handler vector address is fetched from ROM and 
set to the instruction pointer. 


The accepted interrupt IF (interrupt request flag) and IE 
(interrupt enable flag) are reset. 


IEMASK (interrupt enable mask flag) is set and IE 
(interrupt enable fiags) are masked by hardware to disable 
acceptance of other interrupts. 


Execution of the interrupt handler is started, and ends with 
an RETI instruction. To enable the relevant interrupt again, 
IF is set to 1 in the interrupt handler. 


Execution of the RETI instruction restores the values saved 
in the stack area to the instruction pointer and flag status 
byte, and restores the pre-interrupt program flow. 


IEMASK (interrupt enable mask flag) is reset, and all interrupts 
accepted directly before this interrupt are enabled. However, 

since the JE (interrupt enable flag) for the interrupt now 

completed was cleared during acceptance, this interrupt cannot 

be accepted. (If necessary, the interrupt enable flag should be set.) 


Figure 2-8-11 Outline Flowchart of Processing from Generation to Termination of Interrupt 
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2-8-9 Example of Interrupt Vector Address Setup 
Program Coding 


A sample program for setting up vector addresses is shown below. 


a 
ie] 
pat 
c 
ia 
0 


) ; Start at absolute address 0 

* ; Reset processing start address specification 

a(start) ; Reservation of start vector address storage area 

a (dummy) ; Reservation of dummy process vector address storage area 

a(irq0) ; Reservation of external signal interrupt 0 vector address storage area 
a(irql) ; Reservation of external signal interrupt 1 vector address storage area 
a(irq2) ; Reservation of external signal interrupt 2 vector address storage area 
a(irg3) ; Reservation of external signal interrupt 3 vector address storage area 
a(tcO0irg) ; Reservation of timer 0 interrupt vector address storage area 
a(tclirq) ; Reservation of timer 1 interrupt vector address storage area 
a(tc2irg) ;Reservation of timer 2 interrupt vector address storage area 
a(tc3irdq) ;Reservation of timer 3 interrupt vector address storage area 
a(tc4irg) ; Reservation of timer 4 interrupt vector address storage area 
a(tc5irq) ; Reservation of timer 5 interrupt vector address storage area 
a(sifOirg) ; Reservation of serial interface 0 interrupt vector address storage area 
a(siflirg) ; Reservation of serial interface 1 interrupt vector address storage area 
a(sif2irq) ; Reservation of serial interface 2 interrupt vector address storage area 
a(kysirq) ; Reservation of key-scan interrupt vector address storage area 


a(adtirq) ; Reservation of automatic data transfer interrupt vector address storage area 


equ 
dw 
aw 
aw 
dw 
dw 
cw 
dw 
dw 
dw 
dw 
aw 
dw 
aw 
dw 
dw 
aw 
dw 
dw 


a(rsvirq) ; Reservation of reserved interrupt vector address storage area 


reti ; Dummy processing 


i 


= ; Start address specification 


e 





Figure 2-8-12 Example of Interrupt Vector Address Setup Program 


In this example, since no interrupt vector is allocated to X'0002' and X'0003', the reti 
instruction address is written as dummy processing. Also, X'0022' and X'0023' are 
allocated as reserved interrupt addresses, and therefore the reti instruction address is 


written as dummy processing. 
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2-9 Clock Controller 


2-9-1 Overview 


The MN187XX23 has two operating modes, NORMAL and standby. 
Standby mode further consists of two modes, HALT and STOP. 
C In standby mode, power consumption can be reduced. 
a 





* The initial values of the 


OSCM1 and OSCMO bits 2-9-2 CPU Mode Register (CPUM) 


depend on the mask option. 


[= "2-9-4 Switching Bm CPUM 


Oscillation Mode" ] 





7 6 
| — urses 


CPUM 








5 4 3 2 
[= eo 





1 
ars 





This register specifies the CPU's operating mode. 


0 








OPM | (After reset: - 0 - - * * 0 0) 


STOPM} STOP mode 
NOP 
All oscillation stopped 


HALTM| HALT mode 
NOP 
HALT mode 



























OscM1|OSCMoO Oscillation control 
fosc| fx 


0 | Norma! O|};A 
1 IDLE 

Q | Cannot be used 
: 1 SLOW 


©: Used for system ciock 

























4: Oscillation is performed but not used 
for system control 


x: Oscillation stopped 
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LKSEL| Clock select 
System clock is supplied to 


peripheral circuits 
1/2 system clock is supplied to 
peripheral circuits 








Figure 2-9-1 CPU Mode Register (CPUM: X'016' RW) 
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In a reset, the STOPM bit, HALTM bit, and CLKSEL bit are cleared to 0, and the 
OSCM1 and OSCM60 bits are set to 00 or 11 depending on the mask option. 

The STOPM bit and HALTM bit flags are cleared by an interrupt request. 

When the CLKSEL bit is set to 1, 1/2 system clock frequency is supplied to the 
peripheral circuits. 

Here, fs is 1/4fosc or 1/4fx when the CLKSEL bit is 0, and 1/8fosc or 1/8fx when 
the CLKSEL bit is 0. [@ Figure 2-9-1 } 









fs’ 


System clock 
fosc © Peripheral circuits 


2 
a | 











fose : OSC1/OSC2 oscillation 
frequency 

fx: XIXO oscillation frequency 

fs: System clock 


Figure 2-9-2 System Clock Generation Block 
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( 


The STOP and HALT 
instructions must be used for 
STOP and HALT mode control; 
CPU mode register (CPUM) 
bits cannot be manipulated 
directly. At this time, XPh and 
DF should both be cleared to 
0. 





CPU mode register 
(CPUM: X'016' R/W) 
Bit 3: OSCM1 
Bit 2; OSCMO 
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2-9-3 STOP and HALT Modes 


In addition to the three operating modes shown in figure 2-9-4, the 
MN187XX23 has two standby modes, STOP and HALT, for reducing power 
consumption. 


In STOP mode both fosc and fx oscillation stops, and the CPU halts with its internal 
state maintained. Recovery from STOP mode is by means of an interrupt. In this 
case the interrupt enable flag (IE) for the interrupt used for recovery must be set to 
the enable state beforehand. Recovery from STOP mode includes an oscillation 


stabilization wait. [ && Figure 2-9-4 ] 


Table 2-9-1 shows the state of the MN187XX23 in STOP and HALT modes. In 
both modes, the serial interface and timers can operate. Both modes can be exited 
by an IRQO, IRQ1, IRQ2, or IRQ3 external interrupt, a reset, a serial interface or a 
timer. 

HALT mode is one of three kinds —-HALTO, HALT1, or HALT2—according to the 
value of the OSCM1 and OSCMO bits in the CPU mode register (CPUM). In all 
three modes, the CPU's internal state is maintained. Recovery from HALT mode is 
by means of an interrupt in the same way as for STOP mode. There is no oscillation 


stabilization wait in recovery from HALT mode. 


Table 2-9-1 States in STOP and HALT Modes 


HALT2 





OSCM1,0="00" 
HALTM="1* 


OSC1/OSC2 


OSCM1,0="01" 
HALTM="1" 


Active 











XI/XO 





CPU 


RAM 


Active 
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STOP 





OSCM1,0="11" 
HALTM="1" 


Stopped 


Active 


STOPM="1" 


Stopped 
Stopped 








x 





Retained 


x 





Retained 


Retained 





Ports 


Retained 





Interrupts/special functions 





IRQO 





Retained 








eo) 





IRQ1 


oO" 





IRQ2 








Q 








IRQ3 











Timer 0 








Timer 1 








Timer 2 





Timer 3 











Timer 4 











Timer 5 








Serial interface 1 














bale interface 2 
FLP 


x1O;/O;/O}O}O}O/]O};O};O];O 








A/D converter 








Active 
Stopped 








Operates only in case of external clock or event counter. 


Does not operate when a noise filter is used. 





Does not operate when synchronous mode is used, even with event counting. 
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CPU mode register 
(CPUM: X'016' R/W) 
Bit 3: OSCM1 

Bit 2:*OSCMG 

Bit 1: HALTM 

Bit 0: STOPM 


in a reset, and when 
recovering from STOP mode, 
a hardware wait is generated 
automatically until clock 
oscillation stabilizes. 

The wait time is a count of 213 
clock pulses after clock 
generation starts and its 
amplitude reaches the level 
required to drive a counter. 
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2-9-4 Switching Oscillation Mode 


The MN187XX23 has two on-chip clock pulse generators, for fosc and fx. The 
system clock is derived by dividing the fosc or fx clock by 4. Switching of the 
oscillation mode, stopping oscillation, and HALT mode control are performed using 
the STOPM, HALTM, OSCM1, and OSCMO bits in the CPU mode register 
(CPUM). 

Figure 2-9-4 shows the transition state diagram for system clock switchover. 

In the MN187XX23, the initial value of the OSCM1 and OSCM6O bits after a reset 
can be changed by means of a mask option (type A or B). [ us Figure 2-9-4 } 
When type A is selected, the OSCM1 and OSCM0 bits in the CPU mode register 
(CPUM) are both cleared to 0, and operation starts from a reset cycle in NORMAL 
mode. : 

When type B is selected, the OSCM1 and OSCMO bits in the CPU mode register 
(CPUM) are both set to 1, and operation starts from a reset cycle in SLOW mode. 

In either case, when the system clock is switched from fx to fosc, or from fosc to fx, 
the switch to NORMAL or SLOW mode should be after allowing for the oscillation 
stabilization wait time in IDLE mode. 

The guideline wait time is 1/fx in a transition from NORMAL to SLOW mode, and 
the time required for the fosc to stabilize in a transition from SLOW to NORMAL 
mode. [ 0s Figure 2-9-3 ] 





f ee nS eae 


Operation 
Stop released 


Twait=2"XTs  Ts=1/is=system clock cycle 


=1.0 s (32kHz) / 7.8ms (4.19MHz) / 3.9ms (8.38MHz) 


Figure 2-9-3 Wait at Start of Oscillation 


[Reset] 











































(HALTO) Interrupt NORMAL interrupt (STOPO) 
0,0, 1,0 0, 0, 0, 0 0,0, 0,1 
jose decibaiibn fosc oscillation, All oscillation 
fx oscillation Operation stopped 
fx oscillation 














































(OLE) (STOP1) 
aaa ss oO 4,0,0 —_ 0, 1,0, 1 
i wacilaion fose oscillation All oscillation 
fx oscillation fx oscillation, stopped 
operation 








































(HALT2) Interrupt (SLOW) interrupt (STOP2) 
1,1, 1,0 1,1,0,0 1,1, 0,1 
fosc stopped fosc sopped All oscillation 
fx oscillation pL oscillation, stopped 
operation 


[Reset] 


Figure 2-9-4 System Clock State Transition Diagram 
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Either type A or type B can be 
selected by means of a mask 
option. In a reset, an oscillation 
stabilization wait is provided by 
hardware. 





“oO, 1, 1, 0" in the figure on the 
left indicates the value of the 
following CPU mode register 
(CPUM) bits in feft-to-right 
order: OSCM1=0, OSCMO0=1, 
HALTM=1, STOPM=0. 
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a iP 


Reset 


2-10 Reset 


The MN187XX23 carries out the following processing in’a reset cycle. 


Clears the carry flag (CF), zero flag (ZF), and direct flag (DF). 
Clears the data pointers (XP, YP). 
Sets X'100' to the stack pointer (SP). 


Clears the flags in the special registers (see the descriptions of the individual 


ane cee re 


registers). 


5. Sets the reset vector address to the instruction pointer (IP). 


The reset pin is an open-drain input/output pin, and reset cycle operations are 
performed by means of an instruction that causes low-level output to PO7. Input to 
the reset pin becomes valid on a low-level edge. The number of clock pulses 
equivalent to the oscillation stabilization wait time (213 x I/fs) are counted after the 


reset signal goes high, then the internal reset is released. 


Chapter 3 1/O Port Functions 









shapter describes the MN187XX23's I/O port 


3-1 Overview 


The MN187XX23 has a total of 73 I/O port pins in 10 ports, PO to P9, 
including ports shared with special-function pins. 

Each I/O port is assigned to RAM address space, and I/O port operations 
can be performed in byte, nibble, and bit units in the same way as RAM 


operations. 


Each I/O port is assigned to an address with the same 
number as the port: thus PO is assigned to RAM address 
X'000', P1 to RAM address X'001', and so on. 


Inputoutput control is performed by port 0~4 and 9 direction control registers 
(PODIR~P4DIR, PODIR). A "1" setting specifies output mode and a "0" setting 
specifies input mode for the corresponding port pin. 

Switching of pins shared with I/O port and special-function pins is performed by 
means of special-function register settings. Input/output direction control by the 
port 0~4 and 9 direction control registers is also valid when special function use is 
selected, and therefore these settings must make provision for the input/output 
direction of the special-function pins. 

In a reset, the port 0~4 and 9 direction control registers are cleared to 0, and the 
port/special-function switching bits are set to port mode, so that all V/O port 
(special-function-shared) pins are initialized as input ports. All port output latches 
are also cleared to 0. 
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Port 0 direction control register 
(PODIR: X'0718' B/W) 


Port 1 direction control register 
(PIDIR: X'019' R/W) 


Port 2 direction control register 
(P2DIA: X'01A' RWW) 


Port 3 direction control register 
(P3DIR: X'01B' RWW) 


Port 4 direction contro! register 
(P4DIR: X'01C' RWW) 


Port 9 direction control register 
(P9DIA: X'01D' AWW) 


Overview 7 5 
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« 


1. The special-function pin 
corresponding to each port 
pin is shown in parentheses. 

2. in the I/O column, 1/0 
indicates dual input/output, 
O output-only, and | input- 
only. 





Port 0 direction control register 
(PODIR: X'018' R/W) 


Serial interface mode register 0 
(SIMO: X'022' R/W) 

Bit 5: SBTCO 

Bit 4: SBOCO 


Serial interface mode register 1 
(SIM1: X'023' R/W) 

Bit 5: SBTC1 

Bit 4: SBOCT 


Port 0 pull-up control register 
(PORON: X'040' R/W) 


Port 1 direction control register 
(P1DIR: X'019' R/W) 


Port 1 pull-up control register 
(P1RON: X'041' R/W) 


Port 2 direction control register 
(P2DIR: X'01A' R/W) 


Port 2 pull-up control register 
(P2RON: X'042' R/W) 
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(PO) 

















Pin Name 
P00 (SBOO) 
POI (SBIO) 

P02 (SBTO) 
P03 (SBO1) 
P04 (SBI1) 

P05 (SBT1) 
P06 (PSBTO) 
P07 (RST) 







Table 3-1-1 |/O Ports (1/3) 


Vo 
Vo 
VO 






Description 
8-bit general-purpose input/output port. POO to P06 





are CMOS 3-state input/output ports, and P07 is an 
N-channel open-drain input/output port. 

Ports POO to P06 can be set as input or output bit- 
wise by the port 0 direction control register (PODIR). 
(Pins POO (SBOO), P02 (SBTO), P03 (SBO1), and 
P05 (SBT1) can be set as N-channel open-drain 
input/output ports by bits SBOCO, SBTCO, SBOC1, 
and SBTC1, respectively, in the serial interface mode 
registers (SIMO, SIM1).} 

POO to P06 are also controlled by the port 0 direction 





control register (PODIR) when their special-function 
mode is selected. PO7 is shared with the reset pin, 
and the LSI is reset by a low-level input or low-level 
output. 
Use of a pull-up resistor can be selected for ports 
POO, PO1, P03, P04, and P06 with the port 0 pull-up 
control register (PORON). 
[a= "5-4-4 Serial Interface Mode Registers 
(SIM}," 
"3-2-3 Direction Control Registers (DIR)" ] 












P10 (TCIOO) 
Pil (TCO1) 
P12 (TCI3) 
P13 (TCIO4) 
P14 (TCO35) 
P15 (RMOUT) 
P16 (PWM1) 
P17 (PWM2) 


‘ie 


[vo 


lO 
vo 
ie) 
vo 
78) 
VO 
Vo 


es 


8-bit CMOS 3-state input/output port. Input or output 
can be set bit-wise by the port | direction control 
register (PIDIR). Individual Pl pins are also 
controlled by the port 1 direction control register 
(P1DIR) when their special-function mode is selected. 
Use of a pull-up resistor can be selected for each port 1 
pin with the port 1 pull-up control register (PIRON). 
[es “4-10-3 Timer Mode Registers (TM)," 
"7-5-2 PWM Control Register (PWMC)," 
"3-2-3 Direction Control Registers (DIR)" ] 
















P20 (ADINO) 
P21 (ADIN1) 
P22 (ADIN2) 
P23 (ADIN3) 
P24 (ADIN4) 
P25 (ADINS) 
P26 (ADIN6) 
P27 (ADIN7) 





VO 
vo 
Vo 
vO 
yo 
VO 
LO 
Vo 








8-bit CMOS 3-state input/output port. Input or 
output can be set bit-wise by the port 2 direction 
control register (P2DIR). 

Individual P2 pins are also controlled by the port 2 
direction control register (P2DIR) when their 
special-function mode is selected. Use of a pull-up 
resistor can be selected for each port 2 pin with the 
port 2 pull-up control register (P2RON). 

[ && "8-3-2 A/D Control Register (ADC),“ 
"3-2-3 Direction Control Registers (DIR)" ] 













P30 (IRQO) 
P31 GRQ]) 
P32 (IRQ2) 
P33 (IRQ3) 


P34 (PWM0) 


Table 3-1-1 I/O Ports (2/3) 






Port Name Pin Name VO 


vO 
vo 
Vo 
Vo 
ie) 


ah 


Description 
5-bit CMOS 3-state input/output port. 









Input or output can be set bit-wise by the port 3 
direction contro! register (P3DIR). P3 pins are also 
controlled by the port 3 direction control register 
(P3DIR) when their special-function mode is selected. 

Use of a pull-up resistor can be selected for each port 
3 pin with the port 3 pull-up control register (P3RON). 
[ 0 "7-5-2 PWM Control Register (PWMC)," 

"3-2-3 Direction Control Registers (DIR)" ] 












P40 
P4] 
P42 
P43 
P44 
P45 
P46 
P47 


vo 
1110) 
VO 


2) 








Ja-bi CMOS 3-state input/output port. 
Input or output can be set bit-wise by the port 4 











direction control register (PADIR). Use of a pull- 
down resistor between the pin and the VSS pin can 
be selected for each port 4 pin with the port 4 pull- 
down control register (P4RON). 




















Port 5 P50 (SEGO) © |8-bit high-voltage break down output port. 

(P5) P51 (SEG1) © |Output structure is P-channel open-drain type. Port 
P52 (SEG2) O |5 pins incorporate a pull-down resistor between the 
P53 (SEG3) Q |pin and the VPP pin. When the FLP display circuit 
P54 (SEG4) © |is operating, these pins can be used as segment 
P55 (SEGS) O |output pins. 
P56 (SEG6) © |[ B= "6-3-2 (3) Port/FLP Select Register 2 
P57 (SEG7) 10) = (PFSR2)}" ] 
P60 (SEG8) © |8-bit high-voltage break down output port. 
P61 (SEG9) © |Output structure is P-channel open-drain type. Use 
P62 (SEG10) © |of a pull-down resistor between the pin and the VPP 
P63 (SEG11) © |pin can be selected for each port 6 pin with a mask 
P64 (SEG12) © |option. When the FLP display circuit is operating, 
P65 (SEG13) © |these pins can be used as segment output pins. 
P66 (SEG14) © |[ > “6-3-2 (1) Port/FLP Select Register 0 
P67 (SEG15) O (PFSRO)" ] 
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Port 3 direction control register 
(P3DIR: X'01B' RW) 


Port 3 pull-up control register 
(P3RON: X'043' R/W) 


Port 4 direction control register 
(P4DIR: X'01C' RW) 


Port 4 pull-down control register 
(P4RON: X‘044' R/W) 
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Port 9 direction control register 
(P9DIA: X'01D' R/W) 


Serial interface mode register 2 
(SIM2: X'036' R/W)} 

Bit 5: SBTC2 

Bit 4: SBOC2 


Port 9 pull-up control register 
(P9RON: X'045' R/W) 
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Port Name 


Pin Name 
P70 (DGT7) 
P71 (DGT6) 
P72 (DGT5) 
P73 (DGT4) 
P74 (DGT3) 
P75 (DGT2) 
P76 (DGT1) 
P77 (DGT0) 


Table 3-1-1 I/O Ports (3/3) 


ooo 00000 


Description 
8-bit high-voltage break down output port. 
Output structure is P-channel open-drain type. Port 
7 pins incorporate a pull-down resistor between the 
pin and the VPP pin. When the FLP display circuit 
is operating, these pins can be used as digit output 
pins. 
[ U= “6-3-2 (3) Port/FLP Select Register 2 
(PFSR2)" } 





P80 (DGT15) 
P81 (DGT14) 
P82 (DGT13) 
P83 (DGT12) 
P84 (DGT11) 
P85 (DGT10) 
P86 (DGT9) 

P87 (DGT8) 





o0o00o0 0000 








8-bit high-voltage break down output port. 

Output structure is P-channel open-drain type. Use 
of a pull-down resistor between the pin and the VPP 
pin can be selected for each port 8 pin with a mask 
option. When the FLP display circuit is operating, 
these pins can be used as digit output pins. 

[8 "6-3-2 (2) Port/FLP Select Register 1 

{PFSR1)" ] 








P90 (BUZZER) |vo 4-bit CMOS 3-state input/output port. Input or 


P91 (SBO2) 
P92 (SBI2) 
P93 (SBT2) 


vO 
Yo 
Vo 





output can be set bit-wise by the port 9 direction 

control register (P9DIR). 

Pins P91 (SBO2) and P93 (SBT2) can be set as N- 

channel open-drain input/output ports by bits 

SBOC2 and SBTC2, respectively, in the serial 

interface mode registers (SIM2). 

Individual port 9 pins are also controlled by the port 

9 direction control register (P9DIR) when their 

special-function mode is selected. 

Use of a pull-up resistor can be selected for P91 and 

P92 with the port 9 pull-up control register 

(P9RON). 

[es "4-10-3 Timer Mode Registers (TM)," 
"3-2-3 Direction Control Registers (DIR)” ] 
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3-2 Port Control Registers 


3-2-1 Overview 


Twenty-two register are used to control the MN187XX23's I/O ports: ports 
(PORTO~PORT9), port direction control registers (PODIR~P4DIR, P9DIR) 
which control the input/output direction, port pull-up contro! registers 
(PORON~P3RON, P9RON), and a port pull-down control register (P4RON). 
These registers are all focated in RAM space. 


Table 3-2-1 I/O Port Control Registers 


Register 


Abbreviation | RAM Address Register Name 


Port 0 





Port 1 
Port 2 
Port 3 
Port 4 
Port 5 
Port 6 
Port 7 
[w Port 8 
x'009' R/W Port 9 
X'018' R/W 






































Port 0 direction control register 








x'019 R/W Port 1 direction control register 











X'O1A' | R/W Port 2 direction control register 


X'01B' R/W Port 3 direction contro] register 





X'01C' R/W Port 4 direction control register 














X’'01D' Port 9 direction control register 


X'040' R/W Port 0 pull-up control register 





x'041’ Port 1 pull-up control register 











X'042' Port 2 pull-up control register 








X'043' Port 3 pull-up control register 











X'044' Port 4 pull-up control register 

















x'045' Port 9 pull-up control register 
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6 5 4 3 2 1 0 


PORTO aise eel ie (After reset: 0 0 0 0.0.0 0 0 Output latch) 
pontt [ e7 | ee | es | ew | i | pie | ert | pio | (After reset: 00000000 Output latch) 
PORT2 [par | 2s | pas | po | pes | pee | por | pao | (After reset: 0 0 0 0 0.0.00 Output latch) 
PORT3 | — | —]— | rm [ess | pe | rot | ao | (After reset: - - - 0.0 0.0 0 Output latch) 
PORTA [par | pas | pas | rp |] pas | rae | pa | Pao | (After reset: 0 0 0.0.0 0 0 0 Output latch) 
PORTS [ esr | ps | pss | ps | pss | pee | pst | (After reset: 0 0.0 0.0.0.0 0 Output latch) 
porte [ rer | res | pas | ret | pos | ree | rot | peo | (Alter reset: 0 0.000.000 Output latch) 
Port7 | p77 | pe | ps | evs | ers | pe | en | pmo (After reset: 0 00.0 0 0 0 0 Output latch) 
porta [rer [mm [rm [rm [rm | ve [om | re | (Aterreset: 00000000 ouput ten 
porta [-— | — | —|— |r | Pa | por | (After reset: - - - - 0 0 0 0 Output latch) 

popin | —-— | Pocon | reson | poson | roson] Pozon | Poros (After reset: -0 0.00000) 

P1DIR |P170N | P1eon | Pis0N | Praon | Prson | prz0n | Pr10N | PI00N | (After reset: 00000000) 

P2DIR | Pz70N| Pa2oN | Pason] Pesan | Pason] Pezon | P2s0N | panon | (After reset: 0.00000 00) 

pain | — | — | — [Peon] pseon] pacon | pa10N | (After reset: - - - 0.00.0 0) 

popin [—— | — | —~— | — | paso] pecon | peton | psoon | (After reset: - - -- 0.0 0 0) 
poRON | —- |Posron] — |Posmon|posron] — |rotmon|eooron) (After reset: - 0 - 0.0 - 0 0) 
P1RON  [Pi7non|pronoN|Pisron Pranon|Pranon|Pr2noN [prinON|PIOAON] (After reset: 0.0.0 0.0 0.00) 
poron [| — | —— | — | — | — | -— prrnon|paron] (After reset:- - - - - - 0 0) 
paron |—- | — | — | — |Pooron|psonon|retnon|raonon| (After reset: - -- - 0 0 0 0) 
paron |—— | — | -— | — | — |psenon}potro (After reset: - - - - - 00-) 


— indicates an uninstalled 
bit. These bits cannot be 
written, and always return 
1 if read. 


ba] 
rf] 

















Figure 3-2-1 Port Control Registers 
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3-2-2 Port Read/Write Operations 


When data is written to a port address, the contents are written into the 
corresponding port output latch. 

When a port is read, in the case of an input/output port, whether the output latch or 
pin value is read depends on the instruction. For example, with the SET and CLR 
instructions, the output latch value is read. This function enables any output latch 


bit manipulation to be performed without regard to the pin value. 


3-2-3 Direction Control Registers 


The port 0~4 and 9 direction control registers (PODIR~P4DIR, P9DIR) control the 
input/output direction of input/output ports bit by bit. A "O" setting specifies input 
mode for a port, and a "1" setting specifies output mode. 

In a reset, all port output latches are cleared to 0, and the direction control registers 
are also cleared to 0, so that I/O ports are set to input mode (output high- 
impedance). [0S Figure 3-2-1] 


3-2-4 Pull-Up Control Registers and Pull-Down Control 
Register 


Port 0 pins POO, PO1, P03, P04, and P06, port 1 pins P10~P17, port 2 pins P20~P27, 
port 3 pins P30~P33, and port 9 pins P91 and P92 incorporate a program- 
controllable pull-up resistor between the pin and VDD. Port 4 pins P40~P47 
incorporate a program-controllable pull-down resistor between the pin and VSS. 
The pull-up resistors and pull-down resistors are turned on and off by means of the 
pull-up control registers (PORON, P1IRON, P2RON, P3RON, P9RON) and the pull- 
down control register (P4RON). A "0" setting turns the corresponding port's pull- 
up resistor or pull-down resistor off, and a "1" setting turns it on. 

The on/off status of the pull-up resistors or pull-down resistors of ports 0, 1, 3, 4, 
and 9 is controlled bit by bit. For port 2, pull-up resistor on/off control is performed 
in 4-bit units. 

In a reset, all pull-up control register and pull-down control register bits are cleared 


to 0, so that all pull-up resistors and pull-down resistors are off after a reset. 
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For-details of which value, 
output latch or pin, is read by 
which instructions, see the "in" 
section in the “Instruction List" 
and the "MN1870 Series 
Instruction Manual.” 


Port 0 direction control register 
(PODIR: X'018' R/W) 


Port 1 direction control register 
(P1DIR: X'019' RW) 


Port 2 direction control register 
(P2DIR: X'01A' R/W) 


Port 3 direction control register 
(P3DIR: X'01B’ RW) 


Port 4 direction control register 
(P4DIR: X'01C' R/W) 


Port 9 direction control register 
(P9DIR: X'01D' R/W) 


Port 0 pull-up control register 
(PORON: xX'040' R/W) 


Port 1 pull-up control register 
(P1RON: X'041’ R/W) 


Port 2 pull-up control register 
(P2RON: X'042' R/W) 


Port 3 pull-up control register 
(P3RON: X'043' R/W) 


Port 4 pull-down control 
register 
(P4RON: X'044' R/W) 


Port 9 pull-up control register 
(P9RON: X'045' R/W) 
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POO (SBOO) 
P03 (SBO1) 
P91 (SBO2) 





When an I/O port is read, in the case of an input/output port, 
whether the output latch or pin value is read depends on the 


instruction. That is, the TERM signal in table 3-3-1 is either 0 
or 1 depending on the instruction 





3-3 I/O Port Structure and Functions 


Table 3-3-1 1/O Port Structures and Functions (1/7) 


Pin Names Structure 


Pull-up resistor control 
(POORON/PO3RON/P91RON) 


Input/output 
direction control 


{POOON/PO3ON/P910N) | ; 


Port output data 
(POO/PO3/P91) 


N-channe open-drain/ 
3-state control 
(SBOCO/SBOC1/SBOC2) 


Serial output enable 
{SIFOEO/SIFOE 1/SIFOE2) 


Serial transmit data 


Port input data 


<Legend> 
SBOCO/SBOC1/SBOC2: 


SIFOE0/SIFOE1/SIFOE2: 
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_7 VDD. 















































Port read 


Bit 4 of serial interface mode register 0/1/2 (SIMO/SIM1/SIM2) 
Bit 7 of serial interface mode register 0/1/2 (SIMO/SIM1/SIM2) 





P01 (SBIO) 
P04 (SBI1) 
P06 (PSBTO) 
P12 (TCI3) 
P30 (IRQO) 
P31 (IRQ1) 
P32 (IRQ2) 
P33 (IRQ3) 
P92 (SBI2) 
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Table 3-3-1 1/O Port Structures and Functions (2/7) 


Pull-up resistor contro! 
(PO?tRON/PO4RON/PO6RON/ 
P12RON/P30RON/P31 RON/ 
P32RON/P33RON/P92RON}) 


Input/output direction control 
(P010N/PO40N/PO6ON/ 
P12ON/P300N/P310ON/ 
P320N/P330N/P920N) 


Port output data 
(PO1/P04/P06/ 
P12/P30/P31/ 
P32/P33/P92) 


Port input data 


Serial receive data/ 
serial clock inpul/ 

timer input/ 

external interrupt input 


Pin Names Structure 











Write puise 
2D 
o/s 


Reset 


[w] 
a 
9 








voD 








r 


Write pulse 





Al 

















Port read TERM 






sa 


Schmitt 
































P10 (TCIOO) 
P13 (TCIO4) 











Pull-up resistor control 











{P10RON/P 13RON) 


input/output direction control 











(P10ON/P130N) 


Port output data 


Write pulse 
[ed [=] 
BY) 
is) 

















{P10/P13) 


Timer output enable 
(TC1OUT/TC40UT) 


Write pulse 
(iad o 
es] 
i?) 














Timer output data 


Port input data 





Timer input 


<Legend> 
TCOOUT: 
TC4OUT: 
























Bit 5 of timer mode register 0 (TMO) 
Bit 3 of timer mode register 4 (TM4) 


Schmitt 


q | 
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Pin Names 
Pil (TCO]) 
P14 (TCO35) 
P15 (RMOUT) 
P16 (PWM1) 
P17 (PWM2) 
P34 (PWMO) 
P90 (BUZZER) 









































Table 3-3-1 I/O Port Structures and Functions (3/7) 


Pull-up resistor control 
(P11RON/P14RON/P15RON/ 
P16RON/ P17RON/P9ORON) 


Input/output direction control 
(P110N/P140N/P15ON/P160N/ 
P17ON/P340N/PS0ON) 


Port output data 
(P11/P14/P15/P16/ 
P17/P34/P90} 


Timer output enable 
(TCIOUT/TC3SOUT)/ 

buzzer output enable (BUZEN)/ 

remote control output enable (RMOEN)/ 
PWM output enable 
(PWMOOE/PWM10E/ PWM20E) 


Timer output data/ 

remote contro! output data/ 
buzzer output data/ 

PWM output data 


Port input data 


<Legend> 
TCLOUT: 
TC35OUT: 
RMOEN: 

BUZEN: 

PWMOOE: 
PWMIOE: 
PWM20E: 


Structure 





























Reset 

pRa aa 
8 *e 
ae ‘ 
2 
= Reset 

pa ' __o 
3 ' 
adi ‘ 
2 
= 
= 











Port read 
Bit 3 of timer mode register 1 (TM1) 

Bit 6 of timer mode register 5 (TM5) 

Bit 4 of remote control control register (RMC) 
Bit 5 of timer mode register 2 (TM2) 

Bit 0 of PWM control register (PWMC) 

Bit 1 of PWM control register (PWMC) 

Bit 2 of PWM control register (PWMC) 








P05 (SBT1) 
P93 (SBT2) 
























































P02 (SBTO) im 








Input/output direction control 








(PO2ON/POSON/PS30N) 


Port output data 





(P02/P05/P93) 


Write pulse 


N-channet open-drain/ 
3-state control |__ 




















(SBTCO/SBTC1/SBTC2) 


Clock output enable 
(SIFOEQ&CM00~CM02/ 








SIFOE1&CM10~CM12/ 
SIFOE2&CM20-~CM22) 


Serial clock output data 








Port input data 


Serial clock input data “, 


Port read 











TERM 


ae <P. 


Schmitt 








<Legend> 

SIFOEO & CM00~CM02: 
SIFOE! & CM10~CMI12: 
SIFOE2 & CM20~CM22: 
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Bits 7, 0~2 of serial interface mode register 0 (SIMO) 
Bits 7, 0~2 of serial interface mode register 1 (SIM1) 
Bits 7, 0~2 of serial interface mode register 2 (SIM2) 
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Table 3-3-1 I/O Port Structures and Functions (4/7) 


P07 (RST) 


Port output data 








| Watchdog reset 





Port input data 





Port read 




















P20 (ADINO) 


t 
P27 (ADIN7) 





Puli-up resistor control 
(P20RON~P27RON} 








input/output direction control | 
(P200N~P270N} 





Write pulse 





Port output data + 
(P20~P27) 








Write pulse 





Port input data |—- ee 


Port read 











Analog input 
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Table 3-3-1 I/O Port Structures and Functions (5/7) 


Input/output direction control 








(P400N~P470N) 


Port output data 


Write pulse 
~- Oo 
D 
C) 














(P40-P47) 


Write pulse 


Pull-down resistor control |— 





WT 











(P40RON-~P47RON) 


Port input data a CS oy 





} 
1 








xT 








Port read 


TERM 









P50 (SEGO) 







P57 (SEG7) 



















Port output data 
(P50~P57} 


Segment output enable 
(PSSEL) 





<Legend> 
PSSEL: 
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Segment output data. -—————— 





Reset 





Write pulse 


Bit 0 of port/FLP select register 2 (PFSR2) 


pRq 
L 


Pei 
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Table 3-3-1 I/O Port Structures and Functions (6/7) 










Pin Names 
P60 (SEG8) 


Structure 





P67 (SEG15) 














Port output data |__. [iam e 
(P60~P67) + ; 


Segment output enable 
{P60SEL~P67SEL} 7 9 


r Oo 
a 
O 


Write pulse 
? 
! 

















° Mask option 





Segment output data 





<Legend> 
P60SEL~-P67SEL: Bits 0~7 of port/FLP select register 0 (PFSRO) 





























P70 (DGT7) 


P77 (DGT0) 





Reset 





Port output data 
(P70~P77} 


Ta 


Write pulse 









Digit output enable 
(P7SEL) 














Digit output data 





<Legend> 





P7SEL: Bit 1 of port/FLP select register 2 (PFSR2) 
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Table 3-3-1 1/O Port Structures and Functions (7/7) 


P80 (DGT15) 


P87 (DGT8) 





Port output data 
{P80-~-P87) 


Write pulse 





Digit output enable 
(P80SEL-P87SEL) 








Mask option 








Digit output data 





<Legend> 
P80SEL~P87SEL: Bits 0~7 of port/FLP select register 1 (PFSR1) 
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3-4 Handling of Unused Pins 


Unused pins should be handled as shown below. 


Input/output pins: Pins whose input/output direction can be set with the port 0~4 
and 9 direction control registers should be set to input mode and 


pulled up or down by inserting a resistor of several tens of kQ. 


In the case of pins for which a pull-up or pull-down resistor can be selected with the 
pull-up control register or pull-down control register, unused pins can also be 


handled by using a pull-up or pull-down resistor. 
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Handling of Unused Pins 
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Chapter 4 Timer Functions 








hapter describes the MN187XX23's timer 
anctions (timers 0 to 5, watchdog timer, and buzzer 
output circuit). 


4-1 Overview 


Chapter 4 Timer Functions 


The MN187XX23 has six 8-bit timers, a watchdog timer and a buzzer output 


circuit. 


Timer 0, 1, 3, 4, and 5 are reload timers, and timer 2 is a time-base counter. 





Timer 0 






Table 4-1-1 Overview of Timer Functions 


Reload} Event | Timer | Synchro- j|Counter| Counter] Synchro-- Count 
Function] Count | Output jnous Count} Stop | Reset |nous Count Clock 


Choice of 16 clocks: (fs, fx, timer 2 internal 
output, external input) x (1/1, 1/22, 1/24, 1/26) 











Timer 1~ 









Choice of 5 clocks: fosc, fs/24, fs/26, fs/28, 
timer 0 internal output 
























































































output circuit, 















Timer 2 — = — O O == Choice of fx/27 or fs/212 
Choice of 4 clocks: fs, fs/22, fs/24, external 
Timer 3 | O — — O _ O input 
| Choice of 4 clocks: fosc, fs/2?, fs/24, 
Timer 4 O O O O | — = external input 
; Choice of 12 clocks: (fx, fs, timer 4 intemal output) 
Timer 5 = O — O - O | xan, 1m, 124,125) 
Watchdog O O — Generates system reset in fs/2!6 cycle 
timer 
Buzzer O — Outputs fs/28 or fs/2° cycle waveform 











( 


When a signal divided from the 
system clock, fs,, is used as a 
count clock by a timer, PWMO 
should be made operational by 
setting the PWMOE bit to 1 in 
the PWM control register 
(PWMC: X'030’ R/W). 
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TMO : X’029" 













: X'028' 















Synchronization 
TC2FLG 
fx 






BCO : x'028' 4 













































fs 
Tey 7 SIFO/1/2 
TCOOF 
MPX 
Port latch 
Figure 4-1-1 Timer 0 Block Diagram 
Data bus 
TM1 : X'02B' 
\rct1Psi- TC1 : X'02A' 
fose 
is pot: xo2ar | Oventow TCHIRQ 
A — 
fs/2®. L 
fs/28 
TCOOF 
CIitco1/P11 
Port latch 
TC1 write 











Figure 4-1-2 Timer 1 Block Diagram 
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~ TC2FLG 














; 


fs/2"? 








MPX = 














TC2IRQ 





Figure 4-1-3 Timer 2 Block Diagram 


C1SYNC 








Data bus 








TC3 : X'02D" 














fs 
fs/22 











fs/24 
TcoIs/P120 








Figure 4-1-4 Timer 3 Block Diagram 


TC3 write 


TCS5IRQ 





Port latch 
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: TC4 : x'048" 




















TM4 : X'049" 





oe » TC4IRQ 





TCIO4/ 
P13 


Synchronization 


1/2 —* TC40F 











TC4 write 














Figure 4-1-5 Timer 4 Block Diagram 


Data bus 





TM5 : X'04B' 





Vv 


> X'04A' 











* TC5IRQ 











Overflow 


BC5 : X'04A' ( 



















TCS5 write 
Port latch 


Figure 4-1-6 Timer 5 Block Diagram 
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<Legend> 
fx: 
fs: 


TCIOO/P10: 
TCOOF: 
TCOIRQ: 
SIFO/1/2: 
TCLIRQ: 
TC2FLG: 


TC2IRQ: 
TC3IRQ: 
TC4OF: 

TC4IRQ: 
TCSIRQ: 
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if 


TM2 : X'02C' 






fs Reset 








Port latch 


Figure 4-1-8 Buzzer Output Circuit Block Diagram 


XI, XO oscillator source oscillation frequency clock (normally 32.768kHz) 


Clock derived by scaling OSC1, OSC2 oscillator source oscillation frequency (fosc) / XI, XO oscillator source 


oscillation frequency (fx) clock by 1/4 or 1/8 (scaling factor selected by CLKSEL bit) 

Timer 0 event input/timer 0 output 

Signal with frequency of 1/2 timer 0 overflow cycle. Can be used as timer 1 clock source. 

Timer 0 interrupt signal. Generated by BCO overflow. 

Signal with frequency of 1/2 timer 0 overflow cycle. Can be used as serial interface 0/1/2 transfer clock. 
Timer | interrupt signal. Generated by BC1 overflow. 


[] BUZZER (P90) 


Realtime clock flag, reflected in bit 3 of TM2 (normally set for 1 Hz repeat cycle). This signal can be used as timer 0 


clock source. 

Timer 2 interrupt signal. Selection of 4 interrupt cycles by means of TC2MPX1 and TC2MPX0 bits. 
Timer 3 interrupt signal. Generated by BC3 overflow. 

Signal with frequency of 1/2 timer 4 overflow cycle. Can be used as timer 5 clock source. 

Timer 4 interrupt signal. Generated by BC4 overflow. 

Timer 5 interrupt signal. Generated by BCS overflow. 
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Timer mode register 0 
(TMO: X'029' R/W) 

Bit 4: TCOSYN 

Bit 3: TCOPS1 

Bit 2: TCOPSO 

Bit 1: TCOCLK1 

Bit 0: TCOCLKO 


Timer latch O/binary counter 0 
(TCO/BCO: X'028' R/W) 


< 


Timer 0 cannot be used in 
synchronous mode when it is 
used in STOP mode, or when 
an external clock with a 
frequency higher than fs/2 is 
used as its source. 
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4-2 Timer 0 


4-2-1 Overview 


Timer 0 is a 6-bit prescaler + 8-bit programmable counter with event 
counting capability, controlled by timer mode register 0 (TMO). 


@ Clock Source 

The timer 0 count clock is controlled by (1) prescaler clock source selection and (2) 
prescaler scaling factor selection. Timer 0 has a built-in synchronization circuit, 
and can be operated in synchronization with the CPU's system clock. 

[us "4-10-3 (1) Timer Mode Register 0 (TM0)" J 


(1} Prescaler clock source 

The prescaler clock source is specified by the TCOCLK{ and TCOCLKO bits in 
timer mode register 0 (TMO). Any of four clocks can be selected: fx, fs, an external 
clock (TCIOO pin), or timer 2 internal output (TC2FLG). 


(2) Prescaler scaling factor 
The prescaler scaling factor is specified by the TCOPS1 and TCOPSO bits in timer 
mode register 0 (TMO). Any of four scaling factors can be selected: 1/1, 1/4, 1/16, 
or 1/64 of the prescaler input. 


(3) Synchronization circuit 

Asynchronous or synchronous mode is selected with the TCOSYN bit in timer mode 
register 0 (TMO). When synchronous mode is selected, timer 0 counts in 
synchronization with the CPU's system clock. In synchronous mode, therefore, the 
correct value is always returned when binary counter 0 (BCO) is read, even if event 
counting is selected. When an event count is performed in asynchronous mode, it 


may not always be possible to read the correct value, depending on the read timing. 


@ Timer Latch 0/Binary Counter 0 (TCO/BCO) 

Timer latch 0 (TCO) and binary counter 0 (BCO) are assigned to the same address 
(X'028'). Binary counter 0 (BCO) is incremented by operating clock input, and its 
value can be read at any time by reading address X'028'. When address X'028' is 


written to, that value is written into timer latch 0 (TCO). 


4-2-2 Timer 0 Operation 


(1) Reload operation 

When a value is written to timer latch 0 (TCO) while the TCOEN bit is cleared to 0 
in timer mode register 0 (TMO), the same value is simultaneously loaded into binary 
counter 0 (BCO). 

When the TCOEN bit in timer mode register 0 (TMO) is set to 1, binary counter 0 
(BCO) starts counting. When BCO overflows, an interrupt is generated and the 
IFTCO bit is set in interrupt request flag register 0 (IFO). At the same time, the timer 
latch 0 (TCO) value is loaded into binary counter 0 (BCO), and the count continues 


from that value. 


When address X'028' is read, the value in binary counter 0 (BCO) is returned. 
Timer O’has a count stop function, whereby the count is stopped when the TCOEN 
bit in timer mode register 0 (TMO) is cleared to 0. The prescaler is cleared at the 


same time. 


(2) Pulse width measurement function 

Setting the TCOMOD bit to 1 in timer mode register 0 (TMO) enables the low-level 
width of pulses input from the TCIOO pin to be measured. In pulse width 
measurement mode, binary counter 0 (BCO) counts while the TCIOO pin input is 
low, and stops counting, retaining the count value, when the input goes high. The 
prescaler is cleared at this time. Long low-level pulse measurement can be 


performed easily by using the timer 0 interrupt (TCOIRQ). 


(3) Event count function 

When the TCOCLK1 and TCOCLKO bits are set to 00 in timer mode register 0 
(TMO), timer 0 functions as an event counter. Binary counter 0 (BCO) is 
incremented on detection of a negative edge in the TCIOO pin input. Clearing the 
TCOSYN bit to 0 in timer mode register 0 (TMO) enables the count to be performed 
in synchronization with the CPU's system clock. 

[ a Clock Source in “4-2-1 Overview" ] 
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; 


When a value is written to timer 
latch 0 (TCO) while the TCOEN 
bit is set to 1 in timer mode 
register 0 (TMO), that value is 
not loaded into binary counter 0 
(BCO) immediately. The timer 
latch 0 (TCO) value is loaded 
into binary counter 0 (BCO) 
when overflow occurs while the 
TCOEN bit is set to 1.- 





Timer mode register 0 
(TMO: X'029' R/W) 
Bit 7: TCOEN 

Bit 6: TCOMOD 

Bit 4: TCOSYN 

Bit 1: TCOCLKT 

Bit 0: TCOCLKO 


Timer latch O/binary counter 0 
(TCO/BCO: X'028' R/W) 


Interrupt request flag 

register 0 

(IFO: X'012' RW) 
Bit 4: IFTCO 
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CPU system 
clock (fs) 


TCIOO 
pin input 





Synchronization 
circuit output 


BCO n+1 


Figure 4-2-1 Timer 0 Event Count Timing (Synchronous Mode) 


(4) Serial clock generation 

A clock (SIFO/1/2) with 1/2 the frequency of timer 0 overflow can be used as the 
serial interface 0/1/2 transfer clock. 

{ m= SIMO, SIM1, and SIM2 in "5-4-4 Serial Interface Mode Registers (SIM)" ] 


(5) Timer 1 input clock generation 
A clock (TCOOF) with 1/2 the frequency of timer 0 overflow can be used as the 
timer 1 clock source. [U3 “4-3 Timer 1" ] 


4-2-3 Timer 0 Interrupt 


When timer 0 overflows (the binary counter 0 (BCO) value changes from X'FF' to 
X'00'), the IFTCO bit is set to 1 in interrupt request flag register 0 (IFO). If the 


interrupt enable flag register 0 IETCO bit in interrupt enable flag register 0 (IEO) is 1 at this time, an interrupt 
(lE0: X'014' R/W) 
Bit 4: 1ETCO 


request is issued to the CPU. [ #8 "2-8 Interrupt Controller” ] 
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4-3 Timer 1 


4-3-1 Overview 


Timer 1 is an 8-bit programmable counter, controlled by timer mode register 
1 (TM1). The timer 1 carry can be scaled by 1/2 (1:1 duty) and output from 
the TCO1 pin. 


@ Clock Source 

Timer 1 uses fs/16, fs/64, fs/256, timer 0 internal output (TCOOF), or fosc directly 
as the count clock. The TC1CLK bit in timer mode register 1 (TM1) specifies 
whether or not the source oscillation frequency {fosc) is used as the count clock, and 
the fs scaling factor is selected by bits TC1PS1 and TC1PSO in timer mode register 
1(TM1). [0s "4-10-3 (2) Timer Mode Register 1 (TM1)" ] 


@ Timer Latch 1/Binary Counter 1 (TC1/BC1) 

Timer latch 1 (TC1) and binary counter 1 (BCL) are assigned to the same address 
(X'02A'). Binary counter 1 (BC1) is incremented by operating clock input, and its 
value can be read at any time by reading address X'02A'. When address X'02A' is 


written to, that value is written into timer latch 1 (TC1). 
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Timer mode register 1 
(TM1: '02B' R/W) 
Bit 2: TCICLK 

Bit 1: TC1PS1 

Bit 0: TC1PSO 


Timer latch t/binary counter 1 
(TC1/BC1: X'02A' R/W) 
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interrupt request flag register 0 
(IFO: X'012' RW) 
Bit 5: IFTC1 


< 


When a value is written to timer 
latch 1 (TC1) while the TC1EN 
bit is set to 1 in timer mode 
register 1 (TM1), that value is 
not loaded into binary counter 1 
(BC1) immediately. The timer 
latch 1 (TC1) value is loaded 
into binary counter 1 (BC1) 





when overflow occurs while the 
TCIEN bit is set to 7. 





Timer mode register 1 

(TM1: X'02B' R/W) 
Bit 3: TC1OUT 
Bit7:; TCTEN 


Interrupt request flag register 0 


(1EO: X'014' R/W) 
Bit 5: 1ETC1 
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4-3-2 Timer 1 Operation 


(1} Reload operation 

When a value is written to timer latch 1 (TC1) while the TC1EN bit is cleared to 0 
in timer mode register 1 (TM1), the same value is simultaneously loaded into binary 
counter | (BC1). 

When the TCIEN bit in timer mode register 1 (TM1) is set to 1, binary counter 1 
(BC1) starts counting. When BC1 overflows, an interrupt is generated and the 
IFTC1 bit is set in interrupt request flag register 0 (IFO). At the same time, the 
timer latch 1 (TC1) value is loaded into binary counter 1 (BC1), and the count 
continues from that value. 

When address X'02A' is read, the value in binary counter 1 (BC1) is returned. 

Timer 1 has a count stop function, whereby the count is stopped when the TC1EN 


bit in timer mode register 1 (TM1) is cleared to 0. 


(2) Timer output function 

When the TCIOUT bit is set to 1 in timer mode register 1 (TM1), a pulse with a 
frequency of 1/2 the binary counter 1 (BC1) overflow (1:1 duty) is output from the 
TCO! pin. 


TCO1 pin output | | 


BC1 count value 





Figure 4-3-1 Timer 1 Output Waveform 


4-3-3 Timer 1 Interrupt 


When timer 1 overflows (the BC1 value changes from X'FF' to X'00'), the IFTC1 bit 
is set to 1 in interrupt request flag register 0 (IFO). If the IETC1 bit in interrupt 
enable flag register 0 (IEO) is 1 at this time, an interrupt request is issued to the 
CPU. 

[es "2-8 Interrupt Controller" ] 


4-4 Timer 2 


4-4-1 Overview 


Timer 4 is an 8-bit binary counter with a reset function for time base use, 
controlled by timer mode register 2 (TM2). 


@ Clock Source 

Either fs/2!2 or fx/27 can be selected by the TC2CLK bit in timer mode register 2 
(TM2). Normally, the setting is made so that a 3.9ms clock is input to timer latch 2 
(TC2). The relation between the clock source and the fosc frequency, fx frequency, 
and CPU mode register (CPUM) settings is shown below. 


Table 4-4-1 Timer 2 Clock Sources 


ae a 
Bit 6 Bit 3 le: Bit 2 fosc=4.19MHz | fosc=8.38MHz | fx=32.768kHz 
CLKSEL|OSCM1 | OSCMO 















































Oo 

O 
x 
O 
O 
O 
x 
O 

<Legend> 

O: Setting at which fs/2!? or fx/27 is 3.9ms 

A: Setting which can be used for TC2 clock source but at which fs/2!? is not 3.9ms 

x: Setting which cannot be used for TC2 clock source 


4-4-2 Timer 2 Operation 


(1) Timer 2 interrupt cycle control function 
By means of bits TC2MPX1 and TC2MPXO in timer mode register 2 (TM2), an 
interrupt generation cycle of 3.9ms, 7.8ms, 15.6ms, or 31.2ms can be selected (in 


the case of a 3.9ms TC2 input clock). 





Chapter 4 Timer Functions 


Timer mode register 2 


(TM2: 
Bit 4: 
Bit 3: 
Bit 2: 
Bit 1: 
Bit 0: 


X'02C' R/W) 


TC2EN 
TC2FLG 
TC2CLK - 
TC2MPX1 
TC2MPX0 


CPU mode register 
(CPUM: X'016' R/W) 
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Interrupt request flag register 0 
(IFO: X'012' R/W) 
Bit 6: IFTC2 


interrupt enable flag register 0 


(1E0: X'014' R/W) 
Bit 6: IETC2 
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(2) Realtime clock flag 

The value of the MSB of timer latch 2 (TC2) [1 Hz repeat frequency, 1:1 duty (with 
a 3.9ms TC2 input clock)] is reflected in the TC2FLG bit in timer mode register 2 
(TM2), and can be read at all times. Also, this signal can be used as the timer 0 
clock source. 

Timer 2 has a reset function enabling error to be minimized in realtime clock 
setting. When the TC2EN bit is cleared to 0 in timer mode register 2 (TM2), timer 


stops counting and at the same time, timer latch 2 (TC2) is cleared. 


(3) SYNC output 

An fs/2!3 or £x/28 clock is output from the SYNC pin. Switching between the fs/213 
and fx/28 clock sources is performed by means of the TC2CLK bit in timer mode 
register 2 (TM2). When fx/28 is selected, the TC2EN bit in timer mode register 2 
(TM2) should be set to 1. If fx/28 is selected while the TC2EN bit is cleared to 0, 


the clock will not be output and the output value wiil be undefined. 


4-4-3 Timer 2 Interrupt 


When a timer 2 interrupt is generated at the interval set by the TC2MPX1 and 
TC2MPX0 bits in timer mode register 2 (TM2), the IFTC2 bit is set to 1 in interrupt 
request flag register 0 (IFO). If the IETC2 bit in interrupt enable flag register 0 
(IEO) is 1 at this time, an interrupt request is issued to the CPU. 

[es "2-8 Interrupt Controller" ] 


4-5 Timer 3 


4-5-1 Overvie 


Timer 3 is an 8-bit programmable counter with event counting capability, 
controlled by timer mode register 1 (TM1). 


@ Clock Source 

Timer 3 uses fs, fs/4, fs/16, or TCI3 pin input directly as the count clock. The clock 
source is selected by bits TC3CLK1 and TC3CLKO in timer mode register 1 (TM1). 
[ne "4-10-3 (2) Timer Mode Register 1 (TM1)" ] 


@ Timer Latch 3/Binary Counter 3 (TC3/BC3) 

Timer latch 3 (TC3) and binary counter 3 (BC3) are assigned to the same address 
(X'02D'). Binary counter 3 (BC3) is incremented by operating clock input, and its 
value can be read at any time by reading address X'02D'. When address X'02D" is 


written to, that value is written into timer latch 3 (TC3). 


4-5-2 Timer 3 Operation 


(1) Reload operation 

When a value is written to timer latch 3 (TC3) while the TC3EN bit is cleared to 0 
in timer mode register 1 (TM1), the same value is simultaneously loaded into binary 
counter 3 (BC3). 

When the TC3EN bit in timer mode register 1 (TM1) is set to 1, binary counter 3 
(BC3) starts counting. When BC3 overflows, an interrupt is generated and the 
IFTC3 bit is set in interrupt request flag register 1 (IF1). At the same time, the timer 
latch 3 (TC3) value is loaded into binary counter 3 (BC3), and the count continues 
from that value. 


When address X'02D' is read, the value in binary counter 3 (BC3) is returned. 
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Timer mode register 1 
(TM1: ‘02B' R/W) 
Bit 5: TC3CLK1 
Bit 4: TC3CLKO 


Timer latch 3/binary counter 3 
(TC3/BC3: X'02D' R/W) 


Interrupt request flag register 0 
(IFO: X'012' R/W) 
Bit 7: IFTC3 


Interrupt enable flag register 0 
(IEO: X'014’ R/W) 
Bit 7: 1ETC3 


q 


When a value is written to timer 
latch 3 (TC3) while the TC3EN 
bit is set to 1 in timer mode 
register 1 (TM1), that value is 
not loaded into binary counter 3 
(BC3) immediately. The timer 
latch 3 (TC3) value is loaded 
into binary counter 3 (BC3) 
when overflow occurs while the 
TC3EN bit is set to 7. 
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Timer 3 has a count stop function, whereby the count is stopped when the TC3EN 


bit in timer mode register 1 (TM1) is cleared to 0. 


(2) Event count function 
When the TC3CLK1 and TC3CLKO bits are set to "11" in timer mode register | 
(TM1), timer 3 functions as an event counter. Binary counter 3 (BC3) is 


incremented on detection of a negative edge in the TCIO3 pin input. 


(3) Synchronous output function 

Timer 3 and timer 5 have a synchronous output function that outputs the port 1 bit 4 
output latch value from the TCO35 pin (P14) when the timer overflows. When the 
TC35OUT bit is set to 1 in timer mode register 5 (TM5), the synchronous output 
function is enabled and the P14 (TCO35) pin functions as the TCO35 pin. Either 
timer 3 or timer 5 overflow can be selected as the synchronous output trigger by 
means of the TCO35C bit in timer mode register 5 (TMS) (when TCO35C=1, 
synchronous output triggered by timer 3 overflow is selected). 

When synchronous output is performed, bit 4 of the port 1 direction control register 
(P1DIR) should be set to 1. 

[es "4-10-3 (5) Timer Mode Register 5," "3-2-2 Direction Control Register" ] 


4-5-3 Timer 3 Interrupt 


When timer 3 overflows (the BC3 value changes from X'FF’ to X'00'), the IFTC3 bit 
is set to 1 in interrupt request flag register 0 (IFO). If the IETC3 bit in interrupt 
enable flag register 0 (IEO) is 1 at this time, an interrupt request is issued to the 
CPU. [sg "2-8 Interrupt Controller" ] 
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4-6 Timer 4 


4-6-1 Overview 


Timer 4 is an 8-bit programmable counter with event counting capability, 
controlled by timer mode register 4 (TM4). The timer 4 carry can be scaled 
by 1/2 (1:1 duty) and output from the TCIO4 pin. 


m@ Clock Source 

Timer 4 uses fosc, fs/4, fs/16, or TCIO4 pin input directly as the count clock. The 
clock source is selected by bits TC4CLKO and TC4CLK1 in timer mode register 4 
(TM4). 

Timer 4 has a built-in synchronization circuit, and externa] input can be 
synchronized with the CPU's system clock. Asynchronous or synchronous mode is 
selected with the TC4SYN bit in timer mode register 4 (TM4). When synchronous 
mode is selected, timer 4 counts in synchronization with the CPU's system clock. In 
synchronous mode, therefore, the correct value is always returned when binary 
counter 4 (BC4) is read, even if event counting is selected. When an event count is 
performed in asynchronous mode, it may not always be possible to read the correct 
value, depending on the read timing. 

[u= "4-10-3 (5) Timer Mode Register 4 (TM4)" ] 


@ Timer Latch 4/Binary Counter 4 (TC4/BC4) 

Timer latch 4 (TC4) and binary counter 4 (BC4) are assigned to the same address 
(X'048'). Binary counter 4 (BC4) is incremented by operating clock input, and its 
value can be read at any time by reading address X’048'. When address X'048' is 
written to, that value is written into timer latch 4 (TC4) and also into binary counter 
4 (BC4). 
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< 


Timer 4 cannot be used in 
synchronous mode when it is 
used in STOP mode, or when 
an external clock with a 
frequency higher than fs/2 is 
used as its source 





Timer 4 107 


Chapter 4 Timer Functions 





< 


When a value is written to timer 
latch 4 (TC4) while the TC4EN 
bit is set to 1 in timer mode 
register 4 (TM4), that value is 
not loaded into binary counter 4 
(BC4) immediately. The timer 
latch 4 (TC4) value is loaded 
into binary counter 4 (BC4) 
when overflow occurs while the 
TC4EN bit is set to 7. 
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4-6-2 Timer 4 Operation 


{1) Reload operation 

When a value is written to timer latch 4 (TC4) while the TC4EN bit is cleared to 0 
in timer mode register 4 (TM4), the same value is simultaneously loaded into binary 
counter 4 (BC4). When the TC4EN bit in timer mode register 4 (TM4) is set to 1, 
binary counter 4 (BC4) starts counting. When BC4 overflows, an interrupt is 
generated and the IFTC4 bit is set in interrupt request flag register 1 (IF1), At the 
same time, the timer latch 4 (TC4) value is loaded into binary counter 4 (BC4), and 
the count continues from that value. 

When address X'048’ is read, the value in binary counter 4 (BC4) is returned. 

Timer 4 has a count stop function, whereby the count is stopped when the TC4EN 
bit in timer mode register 4 (TM4) is cleared to 0. 


(2) Timer output function 

When the TC4OUT bit is set to "1" in timer mode register 4 (TM4), a pulse with a 
frequency of 1/2 the binary counter 4 (BC4) overflow (1:1 duty) is output from the 
TC104 pin. 


TC104 pin output | | | 


BC4 count value 





Figure 4-6-1 Timer 4 Output Waveform 


(3) Event count operation 

When the TC4CLK1 and TC4CLKO bits are set to "11" in timer mode register 4 
(TM4), timer 4 functions as an event counter. Binary counter 4 (BC4) is 
incremented on detection of a negative edge in the TCIO4 pin input. 

Clearing the TC4SYN bit to 0 in timer mode register 4 (TM4) enables the count to 


be performed in synchronization with the CPU's system clock. 
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CPU system 
clock (fs) 


TCIO4 
pin input 





Synchronization 
circuit output 


BC4 n+1 


Figure 4-6-2 Timer 4 Event Count Timing (Synchronous Mode) 


(4) Timer 5 input clock/remote control carrier generation 

A clock (TC4OF) with 1/2 the frequency of timer 0 overflow can be used as the 
timer 5 count clock. In remote control output, TC4OF can be used as the remote 
control carrier. 


[= "Chapter 10 Remote Control Transmission" ] 


4-6-3 Timer 4 Interrupt 


When timer 4 overflows (the binary counter 4 (BC4) value changes from X’FF' to interrupt request flag register 1 


X'00), the IFTC4 bit is set to 1 in interrupt request flag register 1 (IF1). If the — (F4 X073" RW) 


IETC4 bit in interrupt enable flag register 1 (JE1) is 1 at this time, an interrupt PEO NCE 


request is issued to the CPU. [8S "2-8 Interrupt Controller” ] interrupt enable flag register 1 


(1E1; X'015' B/W) 
Bit 0: IETC4 
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4-7 Timer 5 


4-7-1 Overview 


Timer 5 is a 6-bit prescaler + 8-bit programmable counter with event 
counting capability, controlled by timer mode register 5 (TM5). 


@ Clock Source 

The timer 5 count clock is controlled by (1) prescaler clock source selection and (2) 
prescaler scaling factor selection. 

[ss "4-10-3 (6) Timer Mode Register 5 (TM5)" ] 


(1) Prescaler clock source 

The prescaler clock source is specified by the TCSCLK1 and TCSCLKO bits in 
timer mode register 5 (TM5). Any of three clocks can be selected: fx, fs, or timer 4 
internal output (TC40F). 


(2) Prescaler scaling factor 
The prescaler scaling factor is specified by the TC5PS1 and TCSPSO bits in timer 
mode register 5 (TM5). Any of four scaling factors can be selected: 1/1, 1/4, 1/16, 
or 1/64 of the prescaler input. 


@ Timer Latch 5/Binary Counter 5 (TC5/BC5) 

Timer latch 5 (TC5) and binary counter 5 (BC5) are assigned to the same address 
(X'04A'). Binary counter 5 (BC5) is incremented by operating clock input, and its 
value can be read at any time by reading address X'04A'. When address X'04A' is 
written to, that value is written into timer latch 5 (TCS) and also into binary counter 
5 (BCS). 
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4-7-2 Timer 5 Operation 


(1) Reload operation 

When a value is written to timer latch 5 (TC5) while the TCSEN bit is cleared to 0 
in timer mode register 5 (TMS), the same value is simultaneously loaded into binary 
counter 5 (BC5). When the TC5EN bit in timer mode register 5 (TMS) is set to 1, 
binary counter 5 (BCS) starts counting. When BC5 overflows, an interrupt is 
generated and the IFTCS bit is set in interrupt request flag register 1 (IF1). At the 
same time, the timer latch 5 (TC5) value is loaded into binary counter 5 (BC5), and 
the count continues from that value. 

When address X'04A' is read, the value in binary counter 5 (BCS) is returned. 

Timer 5 has a count stop function, whereby the count is stopped when the TCSEN 
bit in timer mode register 5 (TMS) is cleared to 0. The prescaler is cleared at the 


same time. 


(2) Synchronous output function 

Timer 3 and timer 5 have a synchronous output function that outputs the port 1 bit 4 
output latch value from the TCO35 pin (P14) when the timer overflows. When the 
TC35QUT bit is set to 1 in timer mode register 5 (TMS), the synchronous output 
function is enabled and the P14 (TCO35) pin functions as the TCO35 pin. Either 
timer 3 or timer 5 overflow can be selected as the synchronous output trigger by 
means of the TCO35C bit in timer mode register 5 (TM5) (when TCO35C=0, 
synchronous output triggered by timer 5 overflow is selected). 

When synchronous output is performed, bit 4 of the port 1 direction control register 
(P1DIR) should be set to 1. 

[us "4-10-3 (5) Timer Mode Register 5," "3-2-2 Direction Control Register" ] 


(3) Remote control output function 
In remote control output, the timer 5 overflow signal (TCS5IRQ) is used as the 


remote control basic pulse. [ & "Chapter 10 Remote Control Transmission" ] 


4-7-3 Timer 5 Interrupt 


When timer 5 overflows (the binary counter 5 (BC5) value changes from X'FF' to 
X'00'), the IFTC5 bit is set to 1 in interrupt request flag register 1 (IF1). If the 
IETCS bit in interrupt enable flag register 1 (IE1) is | at this time, an interrupt 
request is issued to the CPU. [Us "2-8 Interrupt Controller" ] 
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q 


When a value is written to timer 
latch 5 (TC5) while the TCSEN 
bit is set to 1 in timer mode 
register 5 (TMS), that value is 
not loaded into binary counter 5 
(BC5) immediately. The timer 
latch 5 (TC5) value is loaded 
into binary counter 5 (BC5) 
when overflow occurs while the 
TC5EN bit is set to 7. 





interrupt request flag register 1 
(fF 1: X'013' RWW) 
Bit 1: IFTCS 


Interrupt enable flag register 1 


(1E1: X'015' R/W) 
Bit 1: IETCS5 
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Timer mode register 2 
(TM2: X'02C' R/W) 
Bit 7: WDEN 


PWM control register 


(PWMC: X'030' R/W) 
Bit 2: PWMOE 
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4-8 Watchdog Timer 


4-8-1 Overview 


The watchdog timer can be used to detect program runaway, and is 
controlled by timer mode register 2 (TM2). 


The watchdog timer uses the PWMO 14-bit counter for its count operations. 
Therefore, when the watchdog timer is used, the PWMOE bit in the PWM control 
register (PWMC) should be set to 1 to select PWM operation. The watchdog timer 
starts operating when the WDEN bit is set to 1 in timer mode register 2 (TM2), and 
generates a system reset at an interval of fs/216. 

[us "7-5-2 PWM Control Register (PWMC)" } 


4-8-2 Watchdog Timer Operation 


After the WDEN bit has been set to 1 in timer mode register 2 (TM2), 0 will 
automatically be output to the RST pin, causing a CPU reset, unless the WDEN bit 
is cleared to 0 within a given time (Twp). An outline program flowchart is shown in 
figure 4-8-1. 


Start 








WDEN="0" 
The time required to execute this 





coding, including interrupt handler 
execution, must be shorter than the 


WDEN="1" minimum value of TWD. In some 





cases, WDEN bit resetting/setting 
may be included at a number of 
points. 

Main routine 








Figure 4-8-1 Example of Use of Watchdog Timer 





30214 sk 916 
a oe 
fs = ci fs 


The interval at which the WDEN bit in timer mode register 2 (TM2) is reset/set in 


the program must be smaller than the minimum value of Two. 
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( 


When the WDEN bit in timer 
mode register 2 (TM2) is 
cleared to 0, the 1/4-scaling 
counter is cleared but the 
PWMoO 14-bit counter is not 
affected. Therefore, in the 
worst case, depending on the 
timing of watchdog timer 
clearance, the watchdog reset 
will be generated at a 3/4 
interval. Consequently, when 
repeating WDEN bit clearing 
and setting at regular intervals, 
a cycle not exceeding 3/4 of 
fs/216 should be used. 
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Timer mode register 2 
(TM2: X'02C’ R/W) 
Bit 6: BUZFQ 

Bit 5: BUZEN 


PWM control register 
(PWMC: X'030' R/W) 
Bit 2; PWMOE 


CPU mode register 
(CPUM: xX'016' RAW) 
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4-9 Buzzer Output 


4-9-1 Overview 


An fs/29 or fs/28 square wave can be output at the buzzer output pin 
(P90/BUZZER). Buzzer output is controlled by timer mode register 2 (TM2). 
The buzzer output waveform is generated using the PWMO 14-bit counter. 
Therefore, when buzzer output is used, the PWMOE bit in the PWM control 
register (PWMC) should be set to 1 to select PWM operation. 

[usr "7-5-2 PWM Control Register (PWMC)" | 


4-9-2 Buzzer Output Operation 


After the output frequency has been set by means of the BUZFQ bit in timer mode 
register 2 (TM2), a 1:1 duty square wave is output at the BUZZER pin by setting 
the BUZEN bit in timer mode register 2 (TM2) to 1. The buzzer output frequency 
is selected according to the settings of the BUZFQ bit and CPU mode register 
(CPUM) bits as shown in the following table. 


Table 4-9-1 Buzzer Output Frequencies 


CPUM System Clock (fs) Source Oscillation 
Bit3 | Bit2 | Bité fosc=4.19MHz | fosc=8,.38MHz 
OSCMO/CLKSEL| Buzzer output frequency 






































&] : Settings not suitable for buzzer output, since the system clock (fs) is generated 
using 32kHz source oscillation. 
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4-10 Timer Control Registers 
4-10-1 Overview 


Ten register bytes are used to control the MN187XX23's timers: timer mode 
registers (TMO, TM1, TM2, TM4, TM5) which control timer operation, and 
timer latches/binary counters (TCO/BCO, TC1/BC1, TC2/BC2, TC4/BC4, 
TC5/BC5) used for reload value setting and count value reading. These 
registers are all located in RAM space. 


Table 4-10-1 Timer Control Registers 


Regisier 


Abbreviation Register Name 


TCO/BCO Programmable timer counter 0 


(timer latch O/binary counter 0) 





X'029' Timer mode register 0 








X'02A’ Programmable timer counter 1 


(timer latch 1/binary counter 1) 








X'02B' Timer mode register 1 











X'02C’ Timer mode register 2 





X'02D’ Programmable timer counter 3 


(timer latch 3/binary counter 3) 








Programmable timer counter 4 
(timer latch 4/binary counter 4) 


T™4 R/W | Timer mode register 4 


TCS/BC5 Programmable timer counter 5 


(timer latch 5/binary counter 5) 


Timer mode register 5 























R/W: Can be both read and written to. 
R*/W: When read, the binary counter value is returned. 


When written to, the value is written into the timer latch. 
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q 


* When read, the binary counter 
value is returned; when 
written to, the value is written 
into the timer latch. 





Timer mode register 0 
(TMo: X'029' R/W) 
Bit 7: TCOEN 





q 


* When read, the binary counter 
value is returned; when 
written to, the value is written 
into the timer latch. 
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4-10-2 Programmable Timer Counters 


Timers 0, 1, 3, 4, and 5 are 8-bit programmable timer counters. 
Each programmable timer counter consists of a timer latch (TC) anda 
binary counter (BC). 


(1) Programmable timer counter 0 (TC0/BCO) 


Figure 4-10-1 Programmable Timer Counter 0 (TCO/BCO: X'028' R*/W) 


When a value is written to timer latch 0 (TCO) while the TCOEN bit is cleared to 0 
in timer mode register 0 (TMO), the same value is simultaneously loaded into binary 
counter 0 (BCO). 

When the timer is enabled—that is, when the TCOEN bit in timer mode register 0 
(TMO) is set to 1—binary counter 0 (BCO) starts counting. When BCO overflows, 
the timer latch 0 (TCO) value is loaded into binary counter 0 (BCO), and the count 
continues from that value. { 1 "4-2-2 (1) Reload operation” ] 


(2) Programmable timer counter 1 (TC1/BC1) 


Figure 4-10-2 Programmable Timer Counter 1 (TC1/BC1: X'02A' R*/W) 


When a value is written to timer latch 1 (TC1) while the TCOEN bit is cleared to 0 
in timer mode register 1 (TM1), the same value is simultaneously loaded into binary 
counter 1 (BC1). 

When the timer is enabled—that is, when the TCIEN bit in timer mode register | 
(TM1) is set to 1—binary counter 1 (BC1) starts counting. When BC1 overflows, 
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the timer latch 1 (TC1) value is loaded into binary counter 1 (BC1), and the count 
continues from that value. [ 3 "4-3-2 (1) Reload operation" ] 


(3) Programmable timer counter 3 (TC3/BC3) 


»~CTTTITIT1 
a 


value is returned; when 
written to, the value is written 
Figure 4-10-3 Programmable Timer Counter 3 (TC3/BC3: X'02D' R*/W) into the timer latch. 








When a.value is written to timer latch 3 (TC3) while the TC3EN bit is cleared to 0 
in timer mode register 1 (TM1), the same value is simultaneously loaded into binary 
counter 3 (BC3). 

When the timer is enabled—that is, when the TC3EN bit in timer mode register 1 
(TM1) is set to 1—binary counter 3 (BC3) starts counting. When BC3 overflows, 
the timer latch 3 (TC3) value is loaded into binary counter 3 (BC3), and the count 
continues from that value. [Ur "4-5-2 (1) Reload operation” | 


(4) Programmable timer counter 4 (TC4/BC4) 


7 6 5 4 3 2 14 ) C 


value is returned; when 
written to, the value is written 
into the timer latch. 





Figure 4-10-4 Programmable Timer Counter 4 (TC4/BC4: X'048' R*/W) 





When a value is written to timer latch 4 (TC4) while the TC4EN bit is cleared to 0 
in timer mode register 4 (TM4), the same value is simultaneously loaded into binary 
counter 4 (BC4). 

When the timer is enabled---that is, when the TC4EN bit in timer mode register 4 
(TM4) is set to 1—binary counter 4 (BC4) starts counting. When BC4 overflows, 
the timer latch 4 (TC4) value is loaded into binary counter 4 (BC4), and the count 


continues from that value. 
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« 


* When read, the binary counter 
value is returned; when 
written to, the value is written 
into the timer latch. 
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(5) Programmable timer counter 5 (TC5/BC5) 


Figure 4-10-5 Programmable Timer Counter 5 (TC5/BCS: X'04A' R*/W) 


When a value is written to timer latch 5 (TCS) while the TC5EN bit is cleared to 0 
in timer mode register 5 (TMS), the same value is simultaneously loaded into binary 
counter 5 (BCS), 

When the timer is enabled—that is, when the TC5EN bit in timer mode register 5 
(TMS) is set to 1—binary counter 5 (BCS) starts counting. When BCS overflows, 
the timer latch 5 (TCS) value is loaded into binary counter 5 (BCS), and the count 


continues from that value. 


4-10-3 Timer Mode Registers (TM) 
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The five timer mode registers (TMO, TM1, TM2, TM4, and TM5) are one- 
byte, read/write registers that control timers 0, 1, 2, 3, 4, and 5, the 
watchdog timer, and buzzer output. 
(1) Timer mode register 0 (TMO) 


TMO 


In a reset, bit 7 (TCOEN) is cleared to 0 and the other bits are undefined. 








6 5 4 3 2 
TCOMOD TCOOUT|TCOSYNITCOPS1 | TCOPSO) 


1 0 
(After reset: 0 XXXXXXX) 


























TCOCLK1 | TCOCLKO| Timer 0 clock source selection 


} 0 _| Extemal input (TCIO0/P10) 
ee 
Eieom 


TC2FLG 
selection 
Po 2p ——__—_ 
fe a es 
1/64 


TCOSYN Timer 0 clock source asynchronous/ 
synchronous selection 









































Synchronous 
Asynchronous 
TCOOUT Timer 0 output specification (P10/TCIO0) 
Port P10 output 
TCIOO carry output 





















TCOMOD 


Timer 0 mode specification 
0 Timer mode 
4 Pulse measurement mode 




















Count disabled, prescaler cleared 
Count enabled 

















Figure 4-10-6 Timer Mode Register 0 (TMO: X’'029' R/W) (A 


If the TCOSYN bit in TMO is 
modified when the TCOCLK1 
and TCOCLKO bits in TMO are 
set to "10" (fs selected as the 
clock source), timer 0 may be 
incremented. 
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TM1 


120 





(2) Timer mode register 1 (TM1) 


7 6 5 4 3 2 











1 0 
(After reset: OOXXOXXX) 










TC1PSO | Timer 1 prescaler scaling factor selection 


) 0-2 es —____——_ 
= 





0 fs/256 
1 TCOOF 


TCICLK Timer 1 clock source specification 
0 Prescalerfosc ‘ 
1 fosc 




























TC1OUT Timer 1 output specification (P10/TCIO1) 
Port P10 output 
Timer 14 carry output 
























TC3CLK1 | TC3CLKO| Timer 3 clock source selection 









po fete —_______ 

es 

[feat ———— 
External input 











TCSEN Timer 3 enable 
0 Count disabled 
4 Count enabled 


















TC1EN Timer 1 enable 
i¢] Count disabled 
1 Count enabled 











Figure 4-10-7 Timer Mode Register 1 (TM1: X'02B' RW) 


In a reset, bits 3 (TCLOUT), 6 (TC3EN), and 7 (TCiEN) are cleared to 0, and the 


other bits are undefined. 
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(3) Timer mode register 2 (TM2) 


7 6 5 
won | auzra|auzen 


0 


1 
TC2MPX1]TC2MPX0! Timer 0 interrupt cycle selection 


ae 








TM2 


4 3 2 






fs/2'> : fx/2® 
0 | fs/2"* : fx/2° 
fs/2"5 : tx/2"° 


















=. TC2CLK Timer 2 clock source selection 
fx/27 
fs/2'2 


When TC2CLK=0 and 

fosc=4.19MHz, CLKSEL=0, 
or 
fosc=8.38MHz, CLKSEL=1 
When TC2CLK=1 and 
fx=32kHz 


TC2EN Timer 2 enable 
Count disabled, counter cleared 
Count enabled 


BUZEN Buzzer output enabled 
0 Disabled (P11 port input/output) 
1 Output enabled 
BUZFQ Buzzer cycle selection 
fs/2° 
fs/2® 
; WDEN Waichdog timer enable 


Watchdog timer stopped, 
1/4-scaling counter cleared 
Watchdog timer enabled 


Figure 4-10-8 Timer Mode Register 2 (TM2: X'02C' R/W) 




























1Hz cycle, 
1:1 duty 















































































In a reset, bit 2 (TC2CLK) is set to 1, bits 4 (TC2EN), 5 (BUZEN), and 7 (WDEN) 


are cleared to 0, and the other bits are undefined. 
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(4) Timer mode register 4 (TM4) 


5 4 3 
feerfoceoee] — | — | — ]omese oo) 


Timer 4 output specification 
(P13/TCIO4) 


Port P13 output 
TC1O4 carry output 


7 6 


TM4 












































TC4SYN Timer 4 extemal clock asynchronous/ 
synchronous selection 


Asynchronous 
Synchronous 
Timer 4 enable 


Count disabled 
Count enabled 



























Figure 4-10-9 Timer Mode Register 4 (TM4: X'049' RW) 


In a reset, bits 3 (TC4QUT) and 7 (TC4EN) are cleared to 0, and the other bits are 


undefined. 
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(5) Timer mode register 5 (TMS5) 


TMS 


2 1 0 
(After reset: 000-XXXX) 
TC5CLK1| TCSCLKO| Timer 5 clock source selection 


po | 9 tetor —___ 


7 6 5 4 3 
TC3SOUT | TCO3SC || TCS5PS1 


















en ee ee 
fs 
Setting prohibited 


TC5PS1 | TC5PSO | Timer 5 prescaler scaling factor selection 
oes =? 
od a 
0 1/16 
1 1/64 
Timer 3/Aimer 5 synchronous output 
TCOSSC | specification (P14/TCO35) 
Synchronous output on timer 5 overfiow 
Synchronous output on timer 3 overflow 
TC350UT Synchronous output specification 
Port P14 output 
Synchronous output 
TCSEN Timer 5 enable 


| 0 _| Countdisabled, prescaler cleared 


Count enabled 






































































Figure 4-10-10 Timer Mode Register 5 (TM5: X'04B' RW) 


In a reset, bits 5 (TCO35C), 6 (TC30UT), and 7 (TCSEN) are cleared to 0, and the 


other bits are undefined. 
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chapter describes the MN187XX23's serial 


interfaces. 


Chapter 5 Serial Functions 


5-1 Overview 


The MN187XX23 has three synchronous serial interfaces, with the following 
features. 


@ Continuous transmission/reception 
Two of the serial interfaces—O and 1—can be connected in parallel, allowing 


continuous transmission and reception. 


B Compatibility 
Communication can be performed with the serial interfaces of the MN1500, 
MN1700, MN1860, MN1870, and MN1880 Series. 


i Clock rate 


Internal clock: Can be selected from fs, fs/8, fs/16, and timer 0 internal output 





(BCO0/2: output at 1/2 timer 0 overflow rate). 

External clock: Serial interface 0 can use the PO2 (SBTO) or P06 (PSBTO) pin as the 
clock input/output pin, serial interface 1 can use the P05 (SBT1) pin, and serial 
interface 2 can use the P93 (SBT2) pin (P06 can be used for clock input only). 
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Data bus 





Simo : X'022' 














Latch/through 







To SIBUF1 


From SIBUF1 — (P00) 











SIFOIRQ 











fs/16 
etd SBCO: X'024' 


{timer 0 overflow/2) 










Data bus 











| , To SIBUFO MPX 


From SIBUFO 


_| MPX 





























Sei 
(Poa) 
C] SBO1 
(P03) 
SBT! I 
(P05) Dweriow » SIFIIRQ 
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fs 
fs/8 
fs/16 
pouty SBC1 : X'025' 


(timer 0 overflow/2) 









Data bus 





Figure 5-1-2 Serial Interface 1 Block Diagram 
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SIM2 : X'036' 









BUS SWAP 













SBI2 
(P92) O 





Latch/through 












[] SBO2 
(P91) 








SBT2 
(P93) LL {Pou 
O 








SIF2IRC 


fs 
ts/8 
fs/16 
ina SBC2 : X'037' 


(timer 0 overtlow/2} 








Figure 5-1-3 Serial Interface 2 Block Diagram 
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Transmit/receive shift buffers 
0, 1,2 

(SIBUFO: X'020' R/W) 
(SIBUF1: X'021' R/W) 
(SIBUF2: X'035' R/W) 


Serial interface bit counters 
0, 1,2 

(SBCO: X'024' R/W) 
Bit 5: STCEO 

Bit 3: BUSYO 

Bit 2: SBCO2 

Bit 1: SBCOT 

Bit 0: SBCOO 
(SBC1: X'025' R/W) 
Bit5: STCE1 

Bit 3: BUSY1 

Bit 2: SBC 12 

Bit 1: SBCTT 

Bit 0: SBC10 
(SBC2: X'037' R/W) 
Bit 5: STCE2 

Bit 3: BUSY2 

Bit 2: SBC22 

Bit 1: SBC21 

Bit 0: SBC20 


< 


When data is written into a 
transmit/receive shift buffer 
(SIBUF), if the SBT pin is idle, 
the SBO pin is goes low before 
the transfer. If the receiver is in 
the start condition enabled 
state (STCE bit = 0 in SBC), 
the serial bit counter is cleared 
by this signal. 








Serial interface mode register 0 
(SIMO: X'022' R/W) 

Bit 7: SIFOEO 

Bit 6: SIFCONO 


Serial interface mode register 1 


(SIM1; X'023' R/W) 
Bit 7: SIFOE1 
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5-2 Serial Interface Operation 
5-2-1 Overview 


A serial interface transfer is started by writing data to the transmit/receive 
shift buffer (SIBUF). The 3-bit serial bit counter (SBC) is incremented each 
time a bit is transferred, and the transfer is terminated when the counter 
overflows (from 111 to 000). 

With these serial interfaces, the serial bit counter (SBC) can be read and written to, 
enabling transfer of any number of bits. The number of bits must always be set 
before making a transfer. When n bits are to be transferred, the value 8—n is set in 
bits SBC2~SBCO in the serial interface bit counter (SBC). 

In reception using a start condition, however, bits SBC2~SBCO are cleared when the 
start condition is input, and therefore 8-bit reception is performed automatically in 


this case. 


5-2-2 Independent Operation Mode 


In this mode, serial interfaces 0, 1, and 2 are used independently. Serial 
interfaces 0 and 1 are set to independent operation mode when the 
SIFCONDO bit in serial interface mode register 0 (SIMO) is cleared to 0. Serial 
interface 2 can only be used in independent operation mode. 


Transmission/reception operations are described below. 


(1) Transmission 
@ The SIFOE bit in the serial interface mode register (SIM) is set to | to select 


serial input/output. 


® A value (the number of transmit bits) is set in bits SBC2~SBCO in the serial 


interface bit counter (SBC). For n transmit bits, the set value is 8—n. 


@® When data is written into the transmit/receive shift buffer (SIBUF), in the start 
condition enabled state the start condition is output and transfer is started. 
When data is transferred, the BUSY flag is set to 1. 


® The serial bit counter (bits SBC2~SBCO of the serial interface bit counter 
(SBC)) is incremented each time a bit is transferred, and when the set number 
of bits have been transferred the BUSY flag is cleared to 0. At the same time, 
a serial interrupt (SIFIRQ) is generated and the serial interrupt request flag 


(IFSIF) in the interrupt request flag register (IF 1) is set to 1. 


(2) Reception 
@ The SIFOE bit in the serial interface mode register (SIM) is set to 1 to select 


serial input/output. 
® Dummy data is written to the transmit/receive shift buffer (SIBUF). 


@ In the start condition enabled state, when the start condition is input the BUSY 
flag is set and bits SBC2~SBCO in the serial interface bit counter (SBC) are 
cleared. 

In the start condition disabled state, a value (8—n in the case of n receive bits) is 
set in bits SBC2~SBCO in the serial interface bit counter (SBC). 


@ When the transfer clock is input, reception is started by performing 
transmit/receive shift buffer (SIBUF) shifting in synchronization with the 
clock. The BUSY flag is set to 1 when the start condition is input In the start 
condition enabled state, or when the external clock is input in the start 


condition disabled state. 


® The serial bit counter (bits SBC2~SBCO of the serial interface bit counter 
(SBC)) is incremented each time a bit is transferred, and when the set number 
of bits have been transferred the BUSY flag is cleared to 0. At the same time, 
a serial interrupt (SIFIRQ) is generated and the serial interrupt request flag 
(IFSIF) is set to 1. 


© The contents of SIBUF are read in the interrupt handling routine. 
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Serial interface mode register 2 
(SIM2: X'036' R/W) 
Bit 7: SIFOE2 


interrupt request flag register 1 
(IF1: X'013' RW) 

Bit 4: IFSIF2 

Bit 3: IFSIF1 

Bit 2: IFSIFO 
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« 


When a serial interface is used 
for transmission only, the start 
condition should be disabled 
(by setting the STCE bit to 7 in 
the serial interface bit counter 
(SBC)). If the start condition is 
enabled, incorrect operation 
may result from clearing of the 
serial bit counter in response to 
the start condition. 


< 


if a serial transfer is interrupted 
before completion, an interval 
of at least one serial clock cycle 
is necessary before the next 
transfer can be started. 
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Transmission/reception settings made in the serial interface mode register (SIM) and 


serial interface bit counter (SBC) are shown in table 5-2-1. 


Table 5-2-1 Independent Operation Mode Transmission/Reception Settings 


Mnemonic 
CM0~CM2 


Register 


Function of Setting 


Selects the transfer clock. 





BITDIR 





Selects MSB-first or LSB-first transfer. 








= 


Selects the transmit data output pin (SBO) output type. 





SBTC 
SIFCONO 


Selects the clock input/output pin (SBT) output type. 


Cleared to 0 to specify independent mode. 
(SIMO only) 








SIFOE 


ai 


Set to 1 to specify serial input/output. 





0~2 l SBCo-SBC2 


For n transmit/receive bits, set with 8-n. (In the 
start condition enabled state, the number of receive 
bits need not be set.) 





Selects detection/ignoring of start condition. 





Selects serial interface 0 clock input/output 
polarity. (SBCO and SBC2 only) 














Selects receive data input pin (SBI) through/latch 
input. (SBCO and SBC2 only) 





5-2-3 Continuous Transmission/Reception Mode 


In this mode, serial interfaces 0 and 1 are connected in parallel, and data 
transfer is performed continuously without stopping the clock. 


Serial interfaces 0 and 1 are set to continuously transmission/reception mode when 
the SIFCONO bit in serial interface mode register 0 (SIMO) is set to 1. The serial 
input/output pins used in this case are POO (SBOO), PO1 (SBIO), P02 (SBTO), and 
PSBTO (P06). 


Transmission/reception operations are described below. 


(1) Transmission 
@ Thé SIFOEO and SIFOE!1 bits in serial interface mode registers 0 and 1 (SIMO, 
SIM1) are set to 1 to select serial input/output. 


@®A value (the number of transmit bits) is set in bits SBC2~SBCO and 
SBC12~SBC10 in serial interface bit counters 0 and 1 (SBCO, SBC1). 
For example, in the case of n transmit bits on serial interface 0, a value of 8-n 


is set in serial interface bit counter 0 (SBCO0). 


@ When data is written into the SIBUFO and SIBUF1 transmit/receive shift 
buffers in that order, the start condition is output and transfer is started from 


SIBUFO. When data is transferred, the BUSY flag is set to 1. 


® The serial bit counter (bits SBC2~SBCO of SBCO) is incremented each time a 
bit is transferred, and when the set number of bits have been transferred the 
BUSY flag is cleared to 0. 

At the same time, a serial interrupt (SIFIRQO) is generated and the serial 


interrupt 0 request flag (IFSIFO) is set to 1. 


© Next, the data in SIBUF1 is transmitted. When the transfer ends, a serial 
interface 1 interrupt (SIFIRQ1) is generated and the serial interrupt 1 request 
flag (IFSIF1) is set to 1. 


© When further continuous transfer is carried out, data is written to SBCO and 
SIBUFO during transmission of the SIBUF1 data. 
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Serial interface mode register 0 
(SIMO: X'022' R/W) 

Bit 7: SIFOEO 

Bit 6: SIFCONO 


Serial interface mode register 1 
(SIM1: X'023' R/W) 
Bit 7: SIFOE1 


Serial interface bit counter 0 
(SBCO: X'024' R/W) 

Bit 3: BUSYO 

Bit 2: SBC02 

Bit 1: SBCO1 

Bit 0: SBCOO 


Serial interface bit counter 1 
(SBC1: X'025' R/W) 

Bit 3: BUSY1 

Bit 2: SBC 12 

Bit 1: SBC11 

Bit 0: SBC10 





C 
* 16 bits of data can be written 
simultaneously with the MOVL 


instruction. 





Interrupt request flag register 1 
(IF1: X'013' RW) 

Bit 3: IFSIF1 

Bit 2: IFSIFO 
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(2} Reception 
@ The SIFOEO and SIFOE! bits in serial interface mode registers 0 and 1 (SIMO, 


SIM1) are set to 1 to select serial input/output. 


® Dummy data is written to transmit/receive shift buffer 0 (SIBUFO) in order to 
Transmit/receive shift buffer 0 activate it, 
(SIBUF: X'020' R/W) 
@In the start condition enabled state, when the start condition is input the 
BUSYO flag is set in serial interface bit counter 0 (SBCO) and bits 
SBC02~SBCO00 are cleared. (Serial interface bit counter 1 (SBC1) is not 
affected.) 
In the start condition disabled state, a value (8—n in the case of n receive bits) is 
set in bits SBCO2~SBCO00. 


@® When the external clock is input, reception is started by shifting SIBUFO in 
synchronization with the clock. The BUSYO flag is set to 1 when the start 
condition is input In the start condition enabled state, or when the external 


clock is input in the start condition disabled state. 


© Serial bit counter 0 (bits SBCO02~SBCO00 of serial interface bit counter 0 
(SBCO)) is incremented each time a bit is transferred, and when the set number 
of bits have been transferred the BUSY0 flag is cleared to 0. 

At the same time, a serial interface 0 interrupt (SIFIRQO) is generated and the 
serial interrupt 0 request flag (IFSIFO) is set to 1. 


© The contents of SIBUFO are read in the interrupt handling routine. 


@ By writing data to SIBUF1 while data is being received in SIBUFO, it is 


possible to receive data continuously without stopping the clock. 
Transmission/reception settings made in the serial interface mode register (SIM) and 


serial interface bit counter (SBC), including the settings above, are shown in table 
5-2-2, 
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Table 5-2-2 Continuous Transmission/Reception Mode Transmit/Receive Settings 


Mnemonic 


CM00~CM02 


Register 


Function of Setting 


Selects the transfer clock. 





BITDIRO 


Selects MSB-first or LSB-first transfer. 





SBOCO 


| Selects the transmit data output pin (SBOQ) output 
type. 





5 SBTCO 
me 


Selects the external clock input/output pin (SBTO) 
output type. 





6 SIFCONO 


|__| 


Set to 1 to specify continuous transmission/ 
reception mode. 





7 SIFOEO 


Set to 1 to specify serial input/output. 





3 | BITDIRI 


Selects MSB-first or LSB-first transfer. 





7 SIFOE1 


Set to 1 to specify serial input/output. 





Q~2 


SBC00~SBC02 





For n transmit/receive bits, set with 8-n. (In the 


start condition enabled state, the number of receive 





5 STCEO 


a is need not be set.) 





Selects detection/ignoring of start condition. 








Selects serial interface 0 clock input/output polarity. 








6 CLKPLO 
—|— 


LTIO 


Selects receive data input pin through/latch input. 





0-2 | SBC10~SBC12 








For n transmit/receive bits, set with 8-n. (In the 
start condition enabled state, the number of receive 
bits need not be set.) 








In the MN187XX23, when any of bits CLKPLO, LT1O, CM00~CM02, 


level of the SBTO 


CM10~CM12, CLKPL2, LTI2, and CM20~CM22 in serial interface 
mode registers 0, 1, and 2 (SIMO, SIM1, SIM2) is manipulated, the 


, SBT1, and SBT2 pins is inverted, and this 


inversion may cause the serial interface bit counter to be 
incremented. To prevent this incorrect operation, the following 


measures should b: 


Example 1: 


e taken when manipulating any of these bits. 


Clear the SIFOEO, SIFOE1, and SIFOE2 bits in serial interface mode registers 


0, 1, and 2 (SIMO, SIM1, SIM2) to 0 before setting of any of the above control 
bits. When the SIFOEO, SIFOE1, and SIFOE2 bits are cleared to 0 
(designating that serial pins are to function as ports) the serial interface bit 
counters are stopped, and so cannot be incremented. 


Example 2: 


Clear the seria! interface bit counter after manipulating any of the above control 
bits (by writing 0 in bits 0~2 of serial interface bit counter 0/1/2 


(SBCO/SBC1/SBC2). 
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< 


When a serial interface is used 
for transmission only, the start 
condition should be disabled 
(by setting the STCE bit to 7 in 
the serial interface bit counter 
(SBC)). If the start condition is 
enabied, incorrect operation 
may result from clearing of the 
serial bit counter in response to 
the start condition. 


« 


If a serial transfer is interrupted 








before completion, an interval 
of at least one serial clock cycle 
is necessary before the next 
transfer can be started. 
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Serial interface bit counter 0 
(SBCO: X'024' RW) 

Bit 7: LTIO 

Bit 6: CLKPLO 


Serial interface bit counter 2 
(SBC2: X'037' R/W) 

Bit 7: LTl2 

Bit 6: CLKPL2 
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5-2-4 Serial Interface Transfer Timing 


The clock polarity and receive data latching edge can be controlled for seria! 
interfaces 0 and 2 by means of bits CLKPL and LT! in the serial interface bit 
counter (SBC). 

In transmission, transmit data is output in synchronization with the falling edge of 
the clock when the CLKPL bit is cleared to 0, and in synchronization with the rising 
edge when the CLKPL bit is set to 1. 

In reception, receive data is latched in synchronization with an edge of opposite 
polarity to the output edge in transmission when the LTI bit is cleared to 0, and in 
synchronization with an edge of the same polarity as the output edge in transmission 


when the LTI bit is set to 1. 


Table 5-2-3 Serial Data Output Edge and Input Edge (Serial Interfaces 0 and 2) 


LTI Transmit Data Output Edge Receive Data Input Edge 























On serial interface 1, in transmission, transmit data is output on the fall of the clock, 


and in reception, receive data is latched on the rise of the clock. 


Table 5-2-4 Serial Data Output Edge and Input Edge (Serial Interface 1) 


Transmit Data Output Edge Receive Data Input Edge 


 b | 









Transmission and reception timing is shown in figures 5-2-1 to 5-2-4. The number 


of clocks differs only in continuous transmission/reception mode and when 


transferring an arbitrary number of bits, and is the same in other operations. 
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(1) Transmit timing 


1S! io; to- 
<—_——$— 


set 1/2to < ts < to 


to > 1 ps: 
with internal clock 
to > 500 ns: 


SBO with external clock 


BUSY 





SIFIRQ: 








t 
Numbers 
correspond to 
those below 
@ When transmit data is written to the shift buffer, a start condition is output. 
@ The transmit data is output sequentially on the falling edge of the clock. 
@ On the 8th rising edge of the clock an interrupt is generated and the BUSY flag is reset. 


@ If the start condition is enabled, the SBO pin goes high 3.8 ps later (at 4.19MHz operation). 


Figure 5-2-1 Transmit Timing (CLKPL=0) 
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(2) Receive timing (start condition, input through) 


SBT 


SBI 


BUSY 





SIFIRQ: 


@ If the start condition is enabled, the BUSY flag is set when the start condition is received. 
@® The receive data is latched sequentially into the shift buffer on the rising edge of the clock. 


@ On the 8th rising edge of the clock an interrupt is generated and the BUSY flag is reset. 


Figure 5-2-2 Receive Timing (STCE=0, LTI=0, CLKPL=0) 
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(3) Receive timing (no start condition, input through) 


SBT 4) D D 





. 7 
t 

BUSY p : D 

SIFIRQ D 


@ The BUSY flag is set on the fall of the clock. 
@ The receive data is latched sequentially into the shift buffer on the rising edge of the clock. 


@ On the 8th rising edge of the clock an interrupt is generated and the BUSY flag is reset. 


Figure 5-2-3 Receive Timing (STCE=1, LTI=0, CLKPL=0) 
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(4) Receive timing (no start condition, input latch) 


SBT ‘@) D D 


SBI 





BUSY 


SIFIRQ D 





@® The BUSY flag is set on the fall of the clock. 


® The receive data is latched sequentially into the shift buffer on the falling edge of the 


clock. 


@ On the 8th rising edge of the clock an interrupt is generated and the BUSY flag is reset. 


Figure 5-2-4 Receive Timing (STCE=1, LTI=1, CLKPL=0) 
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5-3 Interrupts 


When bits SBC02~00/SBC12~10/SBC22~20 of a serial interface bit counter 
(SBC0/SBC1/SBC2) overflow (from 111 to 000), the serial interrupt request 
flag (bit IFSIFOAFSIF1/IFSIF2) in interrupt request flag register 1 (IF 1) set to 
1. If the serial interrupt enable flag (bit IESIFO/ESIF1AESIF2) in interrupt 
enable flag register 1 (IE1) is 1 at this time, an interrupt request is issued to 
the CPU. [3 "2-8 Interrupt Controller’ ] 
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Serial interface bit counter 0 
(SBCO: X'024' RW) 

Bit 2: SBCO2 

Bit 1: SBCOT 

Bit 0: SBCOO 


Serial interface bit counter 7 
(SBC1: X'025' R/W) 

Bit 2: SBC12 

Bit 1: SBCT1 

Bit 0: SBC10 


Serial interface bit counter 2 
(SBC2: X'037' R/W) 

Bit 2: SBC22 

Bit 1: SBC2T 

Bit 0: SBC20 


interrupt request flag register 1 
(FI: X'013' RW) 

Bit 4: IFSIF2 

Bit 3: IFSIFT 

Bit 2: IFSIFO 


Interrupt enable flag register 1 
(EI: X'015' RW) 

Bit 4: IESIF2 

Bit 3: 1ESIF1 

Bit 2: IESIFO 
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5-4 Serial Interface Control Registers 
5-4-1 Overview 


Nine register bytes are used to control the MN187XX23's serial interfaces: 
serial interface mode registers (SIMO, SIM1, SIM2) and serial interface bit 
counters (SBCO, SBC1, SBC2) which control the serial interface operating 
mode, and transmit/receive shift buffers (SIBUFO, SIBUF1, SIBUF2) used to 
send and receive transfer data. These registers are all located in RAM 
space. 


Table 5-4-1 Serial Interface Registers 


Register RAM ae 
Abbreviation | Address egister Name 


SIBUFO K'020' Transmit/receive shift buffer 0 





SIBUF1 x'021' Transmit/receive shift buffer 1 








X'035’ Transmit/receive shift buffer 2 








X'022' Serial interface mode register 0 





X'023' Serial interface mode register 1 











X'036' Serial interface mode register 2 
| X'024' R/W | Serial interface bit counter 0 
X'025' R/W | Serial interface bit counter 1 


X'037' R/W | Serial interface bit counter 2 
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5-4-2 Transmit/Receive Shift Buffers 
The transmit/receive shift buffers are 8-bit read/write registers that shift 
transmit/receive data. LSB-first or MSB-first can be selected as the transfer 
direction. [uss BITDIRO bit, BITDIR1 bit, BITDIR2 bit 


in “5-4-4 Serial Interface Mode Registers” ] 


(1) Transmit/receive shift buffer 0 (SIBUFO) 


7 6 5 4 3 2 1 0 
sir forspunfasafanofaraforeperwe] mera 


Figure 5-4-1 Transmit/Receive Shift Buffer 0 (SIBUFO: X'020' RW) 
After a reset, ali bits are undefined. 


(2) Transmit/receive shift buffer 1 (SIBUF1) 


7 6 5 4 3 2 1 0 
sur fanfare pr meter 


Figure 5-4-2 Transmit/Receive Shift Buffer 1 (SIBUF1: X'021' R/W) 
After a reset, all bits are undefined. 


(3) Transmit/receive shift buffer 2 (SIBUF2) 


7 6 5 4 3 2 i) 0 
curs [aorfaonforsfnfnrorcbror] me matora 


Figure 5-4-3 Transmit/Receive Shift Buffer 2 (SIBUF2: X'035' R/W) 


In a reset, all bits are undefined. 
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SBCO 


7 








6 5 





5-4-3 Serial Interface Bit Counters 


The serial interface bit counters control the number of transfer bits, start 
condition enabling, transmit/receive clock polarity, and receive data input 
latch/through operation. Serial interface bit counters 0 and 2 (SBCO, SBC2) 
are 7-bit read/write registers, and serial interface bit counter 1 (SBC1) is a 5- 
bit read/write register (however, bit 3 (the BUSY flag) is a read-only bit in all 
these registers). Bits 2~0 are used to count transmit/receive clock cycles. 


(1) Serial interface bit counter 0 (SBCO) 


4 3 2 1 0 


[— Joon ele 
SBC02~SBC00 | Serial interface 0 bit counter 


Incremented by transmit/receive clock; transfer ends 
on overflow (from 111 to 000). 

Transfer of any number of bits is possible by presetting 
the bit number: for an n-bit transfer, 8-n is set. 


————] BUSY0 | Busy flag (read-only) 


| 0 _ | Other than the following 
| 4 | Transfer in progress on serial interface 0 


STCEO | Start condition enable 


| 9 | Start condition used 
Start condition not used 





(After reset: OOX-XXXX) 


























































CLKPLO | Serial interface 0 clock polarity specification 


Transfer starts on negative edge 
(same polarity as in figures 5-2-3 to 5-2-6) 








* Bit 3 (BUSYO) only is 
read-only. 


Receive input latch specification 


Through: Data latching edge in reception is 


Ra of opposite polarity to output edge in transmission 






Latch: Data latching edge in reception is of 


same polarity as output edge in transmission 


Figure 5-4-4 Serial Interface Bit Counter 0 (SBCO: X'024' R/W*) 


In a reset, bits LTIO and CLKPLO are cleared to 0, and the other bits are undefined. 
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(2) Serial interface bit counter 1 (SBC1) 


(Atter reset: --X-XXXX) 


2 1 0 
oer 
SBC12~SBC10 | Serial interface 1 bit counter 


Incremented by transmit/receive clock; transfer ends 
on overflow (from 111 to 000). 

Transfer of any number of bits is possible by presetting 
the bit number: for an n-bit transfer, 8—n is set. 


Busy flag (read-only) 


| 0 _| Other than the following 
Transfer in progress on serial interface 1 


STCE1 | Start condition enable 


| | Start condition used 
| 1 _ | Start condition not used 


5 4 3 
oo =] re] 



































Figure 5-4-5 Serial Interface Bit Counter 1 (SBC1: X'025' R/W*) * Bit 3 (BUSY1) only is 
read-only. 


In a reset, all bits are undefined. 
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(3) Serial interface bit counter 2 (SBC2) 


0 


2 1 
SBC22~SBC20 } Serial interface 2 bit counter 


Incremented by transmit/receive clock; transfer ends 
on overflow (from 111 to 000). 

Transfer of any number of bits is possible by presetting 
the bit number: for an n-bit transfer, 8—n is set. 


BUSY2 | Busy flag (read-only) 


| 0 _| Other than the following 
Transfer in progress on serial interface 0 


STCE2 | Start condition enable 


) 0 _| Startcondition used 
| 1 | Start condition not used 


CLKPL2 | Serial interface 2 clock polarity specification 

Transfer starts on negative edge 
(same polarity as in figures 5-2-3 to 5-2-6) 
Transfer starts on positive edge 
(opposite polarity to that in figures 5-2-3 to 5-2-6) 

LTI2 | Receive input latch specification 
Through: Data latching edge in reception is of 
opposite polarity to output edge in transmission 
Latch: Data latching edge in reception is of 
same polarity as output edge in transmission 

* Bit 3 (BUSY2) only is Figure 5-4-6 Serial Interface Bit Counter 2 (SBC2: X'037' R/W*) 
read-only. 










$BC2 


7 6 5 4 3 





























































In a reset, bits LTI2 and CLKPL2 are cleared to 0, and the other bits are undefined. 


5-4-4 Serial Interface Mode Registers 


The serial interface mode registers are used to specify the transfer clock, 
select MSB-first or LSB-first transfer, select the transmit data and clock 
output form, specify the operating mode for serial interfaces 0 and 1, and 
enable or disable serial interface 0 and 1 operation. Serial interlace mode 
register 0 (SIMO) is an 8-bit read/write register, and serial interface mode 
registers 1 and 2 (SIM1, SIM2) are 7-bit read/write registers. 
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(1) Serial interface mode register 0 (SIMO) 


7 6 5 
o-fespeinsfesbden|= 



















































Figure 5-4-7 Serial Interface Mode Register 0 (SIMO: X'022' R/W) 





0 
(After reset: OOOOXXXX) 





CM02 Transfer clock 


Extemal clock: P02/SBTO input 
Extemal clock: P20 input 
Ba: [dere cece —__ dock fs 
—: Either 0 or 1 


Extemal clock: [dere cece —__ 
External clock peeralcocc 6 aan 6 
BITDIRO Transfer start bit specification 
Oo MSB-first transfer 
1 LSB-first transfer 























Extemal peeralcocc 6 aan Bco/2 timer 0 internal 0 











SBOCO §SBO0 pin output type selection 
CMOS push-pull output 
N-channel open-drain output 








SBTCO SBTO pin output type selection 


CMOS push-pull output 
N-channel open-drain output 














SIFOEO 


0 Port input/output 
1 Serial input/output 


Serial input/output enable 





In a reset, bits SIFOEO, SIFCONO, SBTCO, and SBOCO are cleared to 0, and the 


other bits are undefined. 


Serial interface 0 does not operate when the SIFOEO bit is 
In this case, pins POO (SBOO), P01 (SBIO), 


cleared to 0. 


P02 (SBTO), and P06 (PSBTO) function as ordinary I/O 


ports. 
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¢ 


When SIFOEO is set to 
1, specifying serial 
input/output, the P01 
(SBIO) pin can be used 
as a port when serial 
interface 0 is used only 
for transmission, but 
the POO (SBOO) pin 
cannot be used as a 
port when serial interface 
O is used only for 
reception. 


( 


When the P06 (PSBTO) 
pin is used for external 








clock input, clock output 
cannot be performed 
from the P02 (SBTO) 


pin. 





uss For details of timer 0 


internal outputs 
SIFO/SIF1/SIF2, see 
"4-2-2 (4) Serial clock 
generation." 
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(2) Serial interface mode register 1 (SIM1) 


SIM1 





03> For details of timer 0 
internal outputs SIFO/ 
SIF1/SIF2, see "4-2-2 (4) 
Serial clock generation." 





7 6 
ed 


5 4 3 2 1 
fr oe | 





















CM12|CM11 Transfer clock 


Extemal clock: POS/SBT1 input 

1 | Extemal clock: P20 input 
Extemal clock: fs 
xtemal clock: fs/8 
Extemal clock: fs/16 


Extemal clock: BCO/2 (timer 0 intemal outpu 
—: Either 0 or 1 


Transfer start bit specification 


MSB-first transfer 
















a 
1 


BITDIR1 
|? LSB-first transter 























SBOC1 SBO1 pin output type selection 
CMOS push-pull output _ 
N-channel open-drain output 
















SBTC1 SBT1 pin output type selection 
CMOS push-pull output 7" 
N-channel open-drain output 





















( 


Figure 5-4-8 Serial Interface 


SIFOE1 Serial input/output enable 
if] Port input/output F 
1 Serial input/output 


Mode Register 1 (SIM1: X'023' R/W) 











In a reset, bits SIFOE1, SBTC1, and SBOC1 are cleared to 0, and the other bits are 


When SIFOE?1 is set to 7, 


undefined. 


7] 


specifying serial input/output, 
the P04 (SBI1) pin can be used 
as a port when serial interface 
1 is used only for transmission, 
but the P03 (SBO1) pin cannot 
be used as a port when serial 
interface 1 is used only for 
reception. 
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Serial interface 1 does not operate when the SIFOE1 bit is 
cleared to 0. In this case, pins P03 (SBO1), P04 (SBI1), 
and P05 (SBT1) function as ordinary I/O ports. 
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(3) Serial interface mode register 2 (SIM2) us For details of timer 0 


internal outputs SIFO/ 
SIF1/SIF2, see “4-2-2 (4) 


(After reset: 0-0OXXXX) Serial clock generation. 


4 0 
[on [oe 
CM21 Transfer clock 


5 4 3 2 
oe fe] — neal ee 












| — | 2-| een cose PSST et 
[1 [extemal clock: P20 input 
| 0 2 peter desk fs _ __ 
re eres 


External clock: fs/16 
Extemal clock: BC0/2 (timer 0 intemal outp 
—: Either 0 or 1 
BITDIR2 Transfer start bit specification 
MSB-first transfer 
LSB-first transfer 
SBOC2 SBO2 pin output type selection 


| 0 _| CMOS push-pull output 


N-channel open-drain output 
SBTC2 SBT2 pin output type selection 
0 
1 


CMOS push-pull output_ 
N-channel open-drain output 


SIFOE2 Serial input/output enable 
Port input/output 
Serial input/output 


Figure 5-4-9 Serial Interface Mode Register 2 (SIM2: X'036' R/W) 












































































(ua\ 


In a reset, bits SIFOE2, SBTC2, and SBOC2 are cleared to 0, and the other bits are 
undefined. When SIFOE2 is set to 7, 
specifying serial input/output, 
the P92 (SBI2) pin can be used 


Serial interface 2 does not operate when the SIFOE2 bit is ed 
; : -—— as a port when serial interface 
cleared to 0. In this case, pins P91 (SBO2), P92 (SBI2), ; men 
2 is used only for transmission, 


but the P91 (SBO2) pin cannot 
be used as a port when serial 


and P93 (SBT2) function as ordinary I/O ports. 





interface 2 is used only for 
reception. 
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5-5 Examples of Use of Serial Interface 


5-5-1 Communication with MN1870 Series/MN1880 
Series 


Pin connections for communication with the MN1870 and MN1880 Series are 


shown below. 


Table 5-5-1 Connection to MN1870 Series/MN1880 Series 


MN187XX23 MN1870/MN1880 Series 




















MN187XX23 MN187XX23 
(MN1870 Series/MN1880 Series) (MN1870 Series/MN1880 Series) 
<Internal clock, transmitting> <External clock, receiving> 

Set SBC. (SBC=000) Set SBC. (SBC=000) 


Write data to SIBUF. 





BUSY flag is set to 1. SS BUSY flag is set to 1. 


8-clock output 
Data shift out 


V 


interrupt Interrupt 
BUSY flag is cleared to 0. BUSY flag is cleared to 0. 


Figure 5-5-1 Sequence for Communication with 
MN1870 Series/MN1880 Series 


ae 

















at 
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5-5-2 Communication with MN1500 Series 


Pin connections for communication with the MN1500 Series are shown below. 


Table 5-5-2 Connection to MN1500 Series 


MN187XX23 MN1500 Series 


SBT SBT 
SBO SBI 
SBI SBO 


The MN1500 Series serial interface has the following features. 















@ Transmit/receive data is handled with negative logic (as in the MN187XX23). 

ce) Transmit data is shifted out on the falling edge of the clock, and receive data is 
shifted in on the rising edge of the clock. (MN187XX23 serial interface bit 
counter 0 (SBCO) settings: CLKPL bit=0, LTI bit=0) 

@ MSB-first transfer (MN187XX23 serial interface mode register (SIM) setting: 
BITDIR bit=0) 

@ Continuous transmission/reception mode is not supported. 

© Start condition output/detection is not performed. 

© Arbitrary bit-length transfer is not supported (8-bit transfer is used). 

@There is no BUSY flag. Therefore, communication is performed in 


independent operation mode with the MN187XX23 using the above settings. 
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Serial interface bit counters 
(SBCO: X'024' R/W) 

Bit 7: LTIO 

Bit 6: CLKPLO 

(SBC2: X'037' R/W) 

Bit 7: LTI2 

Bit 6: CLKPL2 


Serial interface mode registers 
(SIMO: X'022' R/W) 
Bit 3: BITDIRO 
(SIM1: X'023' R/W) 
Bit 3: BITDIR1 
(SIM2:; X'036’ R/W) 
Bit 3: BITDIR2 
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Serial interface bit counters 
(SBCO: X'024' R/W) 
Bit 3: BUSYO 

Bit 2: SBCO2 

Bit 1: SBCOT 

Bit 0: SBCOO 
(SBC1: X'028' R/W) 
Bit 3: BUSY1 

Bit 2: SBC12 

Bit 1: SBCTT 

Bit 0: SBC 10 
(SBC2: X'037' R/W) 
Bit 3: BUSY2 

Bit 2: SBC22 

Bit 1: SBC21 

Bit 0: SBC20 


Transmit/receive shift buffers 
(SIBUFO: X'020' R/W) 
(SIBUF1: X'021' R/W) 
(SIBUF2: X'035' R/W) 
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MN187XX23 
(Internal clock, transmitting) 


| Set SBC. (SBC=000) 





Write data to SIBUF. 





! 


BUSY flag is set to 1. 
8-clock output 
Data shift out 


y 
[ Interrupt 


BUSY flag is cleared to 0. 




















MN187XX23 
(Extemal clock, receiving) 





Set SBC. (SBC=000) 








MN1500 Series 
(External clock, receiving) 





SBTEX 
RDSB 


- 


ack 





= 





|_—_—a>- Data shift in 


Figure 5-5-2 Sequence for Communication with MN1500 Series (1) 


MN1500 Series 
(Internal clock, transmitting) 





: 








| 




















SBTIN 
WTSB 
Data shift in 8-clock output 
BUSY flag is set to 1. . Data shift out 
li Interrupt 
BUSY flag is cleared to 0. e 





Figure 5-5-3 Sequence for Communication with MN1500 Series (2) 
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hapter describes the operation of the 
7XX23's FLP control circuit. 





Chapter 6 Display Functions 


6-1 Overview 


The MN187XX23 can automatically control a fluorescent light panel (FLP) 
display of up to 16 segments x up to 16 digits. Hardware includes 32 port 
pins (ports P5 to P8) with direct FLP driving, and key-scan interrupts that 
indicate key-scan timing to permit key-scanning using the segment pins. 


Digit signal generator 








Display RAM 














Output latch Output latch 


5 aii 
Cros] [Pons | 


67 01234567 01234567 
415 














= ob 
Lad 
ww 
ab 
an 
foo?) 
“aN 


DGT 76543210 BH¥BRNNIS 


Figure 6-1-1 FLP Block Diagram 
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PorV/FLP select register 0 
_ (PFSRO: X'00A' R/W) 


Port/FLP select register 1 
(PFSR1: X'00B' R/W) 


PorV/FLP select register 2 
(PFSR2: X'00C' R/W) 


Digit number/dimmer register 
(DNDR: X'00D' R/W) 

Bit 7; DN3 

Bit 6: DN2 

Bit 5: DN1 

Bit 4: DNO 

Bit 3: DR3 

Bit 2: DR2 

Bit 1: DRI 

Bit 0: DRO 


FLP clock mode register 
(FCMR: X'00E' R/W) 
Bit 2: DSPAUTO 

Bit 1: DSPCLK 

Bit 0: DSPSTART 


6-2 FLP Control Circuit Operation 


6-2-1 Overview 
FLP display is controlled by means of digit output and segment output. 
The register setting procedure is as follows. 


@ Set the digit pins and segment pins to be used by means of port/FLP select 
register 0 (PFSRO), port/FLP select register 1 (PFSR1), and port/FLP select 
register 2 (PFSR2). Set the number of pin digits with bits DNO~DN3, and _ the 
digit waveform with bits DRO~DR3, in the digit number/dimmer register 
(DNDR). 

[ss "6-2-2 FLP Pin (Digit/Segment) Setting” ] 


® Set the segment data in the FLP display RAM (X'7E0'~X’7FF'’). 
[es "6-2-3 FLP Display Data Setting" } 


® Select the display time per digit with the DSPCLK bit, and serial 
display/automatic display repetition with the DSPAUTO bit, in the FLP clock 
mode register (FCMR), and start display by setting the DSPSTART bit to 1. 
Within the set digit pins DGTO~DGTn, display is performed in order from the 
highest pin, DGTn, through DGTn-1, etc., to DGTO. When one display cycle 
(the DGTn~DGTO display cycle) is completed, a key-scan interrupt (KYSIRQ) 
is generated. [0@ "6-2-4 FLP Display Timing Control" ] 


® After key-scan interrupt handling has been executed, if automatic display 
repetition has been specified, display continues again from DGTn. If serial 
display has been specified, display starts again when the DPSTART bit is set to 
1. [us “6-2-5 Key-Scan Interrupt" } 
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6-2-2 FLP Pin (Digit/Segment) Setting 


(1) Digit and segment assignment to ports 
FLP pins (digit/segment) are assigned to ports as shown in figure 6-2-1. 


Port 8 Port 7 Port 6 Port 5 
765432%410765432107654321076543210 


Digit (DGT) 





( 


7. Port 5 and 7 pins can be 
switched between port and 
FLP functions in byte units. 

2. Port 6 and 8 pins can be 
switched between port and 
FLP functions in bit units. 








a 


891011 121314150123 4567 








1 
1 
i 
y 
’ 
1 
1 
1 
1 
‘ 
I 
1 
1 
1 
1 
, 
1 
1 
' 
' 
‘ 
1 


Segment (SEG) 





1514131211109876543210 


Figure 6-2-1 FLP (Digit/Segment) Pin Port Assignments 


Port 5 and 6 pins are assigned as segment output pins, and port 7 and 8 pins as digit 
output pins. These FLP pins are all high-voltage output pins, and the port 7 and 8 


digit output pins are large-current output pins. 
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Por/FLP select register 0 
(PFSRO: X'00A' R/W) 


Port/FLP select register 1 
(PFSR1: X'00B' R/W) 


Porv/FLP select register 2 
(PFSR2: X'00C' R/W) 


Digit number/dimmer register 
(DNDR: X'00D' R/W) 





( 


it is useful to remember that the 
value of the largest number, n, 
among the digit pins used 
(DGTO~DGTn) is set in DN3~ 
DNO of DNDR. 





(2) Setting the number of segments and digits 
Four registers are used in setting the digit output pins and segment output pins: 
port/FLP select register 0 (PFSRO), port/FLP select register 1-(PFSR1), port/FLP 
select register 2 (PFSR2), and the digit number/dimmer register (DNDR). 

[0s "6-3-2 Port/FLP Select Registers” ] 

[ts “6-3-3 Digit Number/Dimmer Register (DNDR)” ] 


The register setting procedure is as follows. 


@ Make FLP settings in port/FLP select register 0 (PFSRO), port/FLP select 
register 1 (PFSR1), and port/FLP select register 2 (PFSR2), according to the 
number of FLP pins (digit/segment) to be used. Settings should be made so that 
the numbers (DGTO~DGTn) of the digit pins used are consecutive. 


@® Set the number of digit outputs (1~16) in bits DN3~DNO of the digit 
number/dimmer register (DNDR). The set value is the number of digits — 1. 


By means of port/FLP select register 0 (PFSRO), port/FLP select register 1 
(PFSR1), and port/FLP select register 2 (PFSR2), pins not used as FLP pins can be 


used as general-purpose ports. 


Port 5 High-voltage output port (P-channel open-drain output, incorporating pull-down 
[resistor between pin and VPP pin) 











Port 6 High-voltage output port (P-channel open-drain output, with pull-down resistor 











between pin and VPP pin selectable as a mask option) 


Port 7 High-voltage output port (P-channel open-drain output, with pull-down resistor 


between pin and VPP pin selectable as a mask option) 











Port 8 High-voltage output port (P-channel open-drain output, incorporating pull-down 


resistor between pin and VPP pin) 
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6-2-3 FLP Display Data Setting 


As segment data, the contents of RAM addresses X'7E0'~X'7FF' 


transferred to the segment output ports for. 


Figure 6-2-2 shows the correspondence between FLP pins and segment data. 
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are 





Segment Pin 








o > 
Go 





fo>] 

Oo © 
Ww ww 
no Ww 
1 0 


vt 
2) 
7 


X'7E0! 








X'7E2' 





X'7E5' 


X'7E4 


( 





X7E?' 


X'7E6' 





X'7E9' 


X'7ES 





X'7EB' 


X'7EA' 








X‘7ED' 


X'7EC' 


As 8-bit installation is. used for 
the entire FLP display area 
(X'7E0'~X'7FF'), areas not used 





X7EFP 


X'7EE' 


for FLP display can be used as 





Digit Pin 


X'7F1' 


X'7FO' 


ordinary RAM. 





X'7F3' 


X'7F2! 





X'7F5' 


X'7F4' 








X'7F7' 


X'7F6' 








X'7F9' 


X'7F8' 








X'7FB' 


X'7FA' 











X'7FD' 


X7FC' 








X'7FF' 


Figure 6-2-2 FLP Display RAM 


X'7FE' 





Of these 32 bytes of memory, all bits in unused addresses when there are fewer than 


16 digits, and bits not used for segments, can be used in the same way as ordinary 


RAM (in the latter case as flags, etc.). 
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FLP clock mode register 
(FCMR: X'00E' R/W) 


Digit number/dimmer register 
(DNDR: X'00D' R/W) 

Bit 3: DR3 

Bit 2: DR2 

Bit 1: DRI 

Bit 0: DRO 


6-2-4 FLP Display Timing Control 


FLP display is controlled by the FLP clock mode register (FCMR) and digit 
number/dimmer register (DNDR). 


The FLP clock mode register (FCMR) specified FLP start/stop operation, the 
single-display cycle time (display time per digit), and serial display/automatic 
display repetition. 
Bits DR3~DRO of the digit number/dimmer register (DNDR) are used to select one 
of 15 dimmer waveform steps from 15/16 to 1/16. 
[t= "6-3-4 FLP Clock Mode Register (FCMR)" } 
[us "6-3-3 Digit Number/Dimmer Register (DNDR)" ] 


The timing for serial display is shown in figure 6-2-3. 


Teyt 
te es 
Tasp| "| 


DGTn | | 
DGTn-1 | | 


DGTn-2 | 





DGTO 
KYSIRQ | 














oc Variable 
data 
a_i) 
1 display cycle Key-scan timing: Tks 
y 
KYSIRQ generation 


<Legend> 

n: Set value (0~F) of bits DN3~DNO in digit number/dimmer register (DNDR) 

Tasp:  Single-display cycle (display time per digit) (244us/488ys when fosc=4.19MHz) 

Tey: Display cycle [Teyt=Tasp x (n+1)] 

Tag: Digit signal pulse width. Variable in 15 steps (15/16~1/16) by means of bits 
DR3~DRO in the digit number/dimmer register (DNDR). 


Figure 6-2-3 FLP Display Timing 
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The operating procedure for FLP display is as follows 


® The digit pins go high in order from pin DGTn (where n is the value set in bits 
DN3~DNO of the digit number/dimmer register (DNDR)) through DGTn-I, etc., FLP clock mode register 
to DGTO. The high-level period for one digit can be selected in the range 15/16 (FCMR: X'00E' R/W) 


to 1/16 by means of bits DR3~DRO in the digit number/dimmer register Bit 2: DSPAUTO 
Bit 1: DSPCLK 


DNDR), the single-displ le (display ti digit be selected 
( ), and the single-display cycle (display time per digit) can be selecte Bit 0: DSPSTART 


from 512/fs or 256/fs with the DSPCLK bit in the FLP clock mode register 
(FCMR). 


® When a digit pin goes high, the corresponding FLP display RAM segment data 


is output from the segment pin. 


@® The above operation is repeated, and with serial display, when DGTO display 
ends, a key-scan interrupt (KYSIRQ) is generated and display is halted. When 
FLP display stops, all the digit pins go low. During this time, the segment pins 


can be used to perform key-scanning. 


® When the DSPAUTO bit is set to 1 in the FLP clock mode register (FCMR) 
(continuous display), there is no key-scan period, and display is restarted 
automatically from the DGTn pin. 
When the DSPAUTO bit is cleared to 0 (serial display), display is restarted by 
setting the DSPSTART bit to 1 in the interrupt handling routine. 
[us "6-2-5 Key-Scan Interrupt" ] 
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interrupt request flag register 1 
(Ft: X'013' RW) 
Bit 5: IFKYS 


Interrupt enable flag register 1 
(IE1: X'015' RW) 
Bit 5: IEKYS 


Port/FLP select register 0 
(PFSRO: X'00A' R/W) 


Port/FLP select register 1 
(PFSA1: X'00B' R/W) 
Port/FLP select register 2 
(PFSR2: X'00C' R/W) 





< 


Note that the port output latch 
and segment output data latch 
are shared by the port 5 and 6 
pins used as segment output 


pins. 





6-2-5 Key-Scan Interrupt 


When the FLP control circuit completes a single display cycle (DGTn~DGTO 
display cycle), a key-scan interrupt (KYSIRQ) is generated and the key-scan 
interrupt request flag (bit IFKYS) is set to 1 in interrupt request flag register 
1 (IF 1). If the key-scan interrupt enable flag (bit IEKYS) in interrupt enable 
flag register 1 (IE1) is 1 at this time, an interrupt request is issued to the 
CPU. [ie "2-8 Interrupt Controller" ] 


The interrupt handler carries out the following processing: 


@® Modifies the port/FLP select register 0 (PFSRO), port/FLP select register 1 
(PFSR1), and port/FLP select register 2 (PFSR2), designating the pins to be used 


for key-scanning as general-purpose output ports. 


® Performs key-scanning using the pins designated as general-purpose output ports 
in @, 
® On completion of key-scanning, changes the pins back to their FLP function 


®@ Restarts FLP display by setting the DSPSTAT bit to 1 in the FLP clock mode 


register (FCMR), and returns to the main routine. 
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6-3 FLP Control Registers 
6-3-1 Overview 


Five register bytes are used to control the MN187XX23's FLP: port/FLP select 
registers (PFSRO, PFSR1, PFSR2) which switch pins between port and FLP 
functions, and the digit number/dimmer register (DNDR) and FLP clock mode 
register (FCMR) which control FLP operation. These registers are all located 
in RAM space. 


Table 6-3-1 FLP Control Registers 


Register RAM 


Abbreviation | Address Register Name 


X'00A' Port/FLP select register 0 








X'00B' R/W Port/FLP select register 1 








X'00C’ | R/W | Port/FLP select register 2 


X’00D’ R/W Digit number/dimmer register 


























X'00E’ FLP clock mode register 





6-3-2 Port/FLP Select Registers 


The port/FLP select registers are read/write registers that switch pins between 
port and FLP (digit/segment) pin functions. 


Port/FLP select register 0 (PFSRO) switches port 6 pin functions in bit units, port/FLP 
select register | (PFSR1) switches port 8 pin functions in bit units, and port/FLP select 
register 2 (PFSR2) switches port 5 and 7 pin functions in byte units. Pins for which 
the port function is selected can be used as general-purpose P-channel open-drain 


output pins. 
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( 


When the FLP/port switch is set 
to the FLP, data written fo a 
port address is not written to 
the output latch. To write data 
to the output latch, the FLP/port 
switch must first be set to the 
port side. 
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(1) Porl/FLP select register 0 (PFSRO) 


0 


PFSRO 


7 6 5 
P67SEL P65SEL 








4 3 2 
P64SEL/|P63SEL 








; 
Peis Pe 





OSEL 














P60/SEG8 select 
Normal! port 
FLP (SEG8) pin 
P61SEL| P61/SEG9 select 
Normal port 
FLP (SEGQ) pin 


P62SEL| P62/SEG10 select 
Normal port 
FLP (SEG10) pin 































P63SEL| P63/SEG11 select 
0 Normal port 
1 FLP {(SEG11) pin 














P64SEL] P64/SEG12 select 
Normal port 
FLP (SEG12) pin 
























P65SEL| P65/SEG13 select 
Normal port 
FLP (SEG13) pin 

















P66/SEG14 select 
| Normal port 
FLP (SEG14) pin 



















P67SEL| P67/SEG15 select 
Sa ime oes 
FLP (SEG15) pin 








Figure 6-3-1 Port/FLP Select Register 0 (PFSRO: X'00'A R/W) 


In a reset, all bits in PFSRO are cleared to 0. 
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(2) Por/FLP select register 1 (PFSR1) 


0 


2 1 











PFSR1 


7 6 5 4 3 









P80SEL| P80/DGT15 select 
Normal port 
FLP (DGT15) pin 
P81SEL| P81/DGT14 select 
| 0 _| Normal port 
| 1 | FLP (DGT14) pin 
P82/DGT13 select 
Normal port 
FLP (DGT13} pin 
P83SEL| P83/DGT12 select 
—_ Normal port 
FLP (DGT12) pin 
4 FLP (DGT11) pin 
P85SEL| P85/DGT10 select 
Normal port 
FLP (DGT10) pin 
P86SEL| P86/DGT9 select 
2 Normal port 
FLP {DGT9) pin 
P87SEL| P87/DGTS8 select 
——— 
FLP (DGT8) pin 


Figure 6-3-2 Port/FLP Select Register 1 (PFSR1: X'00B' R/W) 























































































































In a reset, all bits in PFSR1 are cleared to 0. 
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(3) Port/FLP select register 2 (PFSR2) 





1 0 
mee 


(After reset: ------00) 







P5SEL | P50~P57/SEGO~SEG7 select 
Normal port 
FLP (SEGO~SEG7) pins 

P7SEL | P70~P77/DGT7~DGTO select 


0 Normal port 
1 FLP (DGT7~DGTO) pins 


Figure 6-3-3 Port/FLP Select Register 2 (PFSR2: X'00C' R/W) 

















In areset, bits PSSEL and P7SEL in PFSR1 are both cleared to 0. 
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6-3-3 Digit Number/Dimmer Register (DNDR) 


DNDR is an 8-bit read/write register in which the number of digits is set in 
bits 7~4, and the dimmer data in bits 3~0. 


7 


6 5 4 3 2 1 0 
oon [ae [oe [ow [oe [om | oe [| oe | meme xc 
Dimmer waveform 
DR2 
GRAVE AR Tee SLE Cee eee eReaee ss 





























Figure 6-3-4 Digit Number/Dimmer Register (DNDR: X'00D' R/W) 
Tasp: Single-display cycle 


In a reset, all bits in DNDR are undefined. 
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The number of display digits is the value set in bits DNO~DN3+1. 
The digit waveform cut width Tcut is given by the following equation: 
Tout={(n+1)/16}Tdsp (n=0~E) 


(n: value set in bits DRO~DR3) 





6-3-4 FLP Clock Mode Register (FCMR) 


FCMR is a 3-bit read/write register used to specify FLP display start/stop 
operation and the single-display cycle time. 


7 6 5 4 3 





FCMR 


2 1 0 
DSPSTART| Display control 
0 


Display stop: 
Blanking is performed automatically 
Display start: 

Display starts from the highest- 
order set digit. 

























Display time per digit 
0 512/s 
1 256/fs 

DSPAUTO} Automatic display control 


Serial display: 
DSPSTART is cleared every 
display cycle 

Automatic display repetition: 
DSPSTART is not cleared 


Figure 6-3-5 FLP Clock Mode Register (FCMR: X'00E' R/W) 




















q 


in serial display, the 
DSPSTART bit is always 
cleared when a key-scan 
interrupt is generated. If 
display is interrupted by 
software, the key-scan interrupt In a reset, the DSPSTART bit is cleared to 0 and the other bits are undefined. 
request flag (IFKYS) may be 

set. 
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6-4 Notes 


@® When data for one digit is automatically transferred from the FLP display RAM to 
the output port, execution of the user program stops for 2 machine cycles. That is, 
program execution stops for 1.9]ys every 244ys or 488s (when fosc=4.19MHz). 


The instruction execution timing in this case is shown in figure 6-4-1. 


Display 
DMA timing 







Ri 


Automatic display data transfer operation 







































ROM read (3) Instruction 
decoding (3) 











Figure 6-4-1 Timing of Interruption of Instruction Execution by FLP Display 


® When the program writes 0 in the DSPSTART bit in the FLP clock mode register 

FLP clock mode register 

(FCMR: X'O0E' R/W) 
Bit 0: DSPSTART 


(FCMR), the display buffer is cleared and the first digit is not displayed. To 
continue display, 0 should be written in the DSPSTART bit by the interrupt 


routine. 
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chapter describes the operation of the 
87XX23's PWM output circuits. 
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7-1 Overview 


The MN187XX23 provides one 14-bit PWM output circuit (PWMO) and two 
8-bit PWM output circuits (PWM1, PWM2). 

A PWM0 has 14-bit resolution, with a minimum pulse width of 1/fs and PWM 
repetition cycle of 214/fs. 

PWM1 and PWM2 have 8-bit resolution, with a minimum pulse width of 1/fs 
and PWM repetition cycle of 28/fs. PWM1 and PWM2 use the lower 8 bits of 
the PWMO 14-bit counter as a counter, and therefore PWMO must be in 
operation when PWM1 and PWM2 are used. 










Data bus 









Te iu 


Te 

TES 

PWMLL : X'034" PWMIOE 
¥ 


| cuts cut | Pulse adder 



















[| PWM0 (P34) 





fs —» 


ck  PWMO014-bitcounter 8 


Figure 7-1-1 PWMO Output Circuit Block Diagram (A 
a 











The PWMo 14-bit counter incorporated in PWMO0 is used for fs 
divider by the MN187XX23 modules listed below. Therefore, 
PWMO must be in operation when these modules are used. 

¢ Timer 1: When using internal clock divided from fs 

* Timer 2: When fs/2'2 is selected as clock 

¢ Timer 3; When using internal clock divided from fs 

¢ Timer 4: When using clock divided from fs 

* Watchdog timer 

* Buzzer output function 

¢ Serial interface 0: When using intemal clock divided from fs 

¢ Serial interface 1: When using intemal clock divided from fs 

¢ Serial interface 2: When using internal clock divided from fs 

° PWM1 

« PWM2 

* Noise filter circuit 

* Oscillation stabilization time count when exiting STOP mode 
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Data bus 


i| PWNMC : X'030’ {| 
TC3 : X'02D' 


TM1 : X'02B' it 






fs 
o Se 
MPX BC3 : X'02D" 
fs/24 L 
TCIS/P 12 {.] 









MPX 
i x mex | 


Edge detection ee Bi a 


B R Port latch 
fs —————+|CK PWMO0 14bit counter 





Figure 7-1-2 PWM1 Output Circuit Block Diagram 






PWMC : X'030° 


PWMR2 : X'04E' 










PWM output circuit 


R 
cK PWMO0 14-bit counter 


Figure 7-1-3 PWM2 Output Circuit Block Diagram 








fs —-——> 


Port latch 


174 Overview 


Chapter 7 PWM Output 


7-2 PWMO Output Circuit Operation 


7-2-1 Overview 


PWMO output waveform data is written to the PWMO data register (PWMHR, PWMo0 data register 


PWMLR). (PWMHR: X'031' RW, 
PWMLR: X'032' R/W) 


PWM output is started when bit PWMOOE in the PWM control register (PWMC) 


PWM control register 
and bit P34ON in the port 3 direction control register (P3DIR) are both set to 1, (PWMC: X'030' R/W) 
designating the port P34 (PWMO) pin for PWMO output, and bit PWMOE is set to 1. Bit 2: PWMOE 
The PWM0O data latch (PWMHL, PWMLL) is provided to prevent disruption of the Bit 0; PWMOOE 
waveform if the PWMO data register (PWMHR, PWMLR) is rewritten during 
+ PWM0 daia latch 
PWMO output. 


(PWMHL: X'033' R, 
PWMLL: X'034' R) 


7-2-2 Register Settings 
The register settings for controlling PWMO are shown below, 


Table 7-2-1 PWM Output Register Settings 


Register Mnemonic 





PWMO0OE = Set to 1 to designate P34 (PWMO) pin as PWMO pin. 
PWMOLD Cleared to 0 to enable transfer from PWM data 
register to PWM data latch. 

PWMOE Set to 1 to activate PWM. 

PWMHRO Sets PWMO basic waveform in PWMO basic cycle 


; (Tsub = 27/fs). Choice of 128 duty cycles in 1/fs 
PWMHR6 














units. 
{| 











PWMLRO Sets position of additional pulse superimposed on 
z 
PWMLR6 


PWM output basic waveform determined by 





PWMRR in repeat cycle (Tstd = 2!4/fs). Additional 











pulse width is 1/fs. 
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CPU mode register 
(CPUM: X'016' R/W) 
Bit 6: CLKSEL 


PWMO 
output waveform 


PWMO 
basic waveform 


Additional pulse 


Tsub: PWMO basic cycle (27/fs) 
Tsta) PWMO repeat cycle 


(214/fs) 


T1~T127: PWMO basic cycle 


number 








Tsub : 





The PWMOLD bit in the PWM control register (PWMC) is used to disable transfer 
to the PWM6O data latch (PWMHL, PWMLL) by being set to 1 when the PWMO 
data register (PWMHR, PWMLR) is rewritten during PWM output. 

[us "7-2-4 Changing Output Data in PWMO Output" ] 

The PWMOE bit must also be set to 1 when the PWMO 14-bit counter is used by a 
timer, serial interface, etc., to divide the system clock (fs). 

The upper 7 bits (PWMHR) of the PWMO data register specify 127:1 duty at 
PWMHR=00, and 0:128 duty at PWMHR=7F. 

The lower 7 bits (PWMLR) of the PWMO data register specify superimposition of 
additional pulses on all PWM basic waveforms at PWMLR=00, and 
superimposition of an additional pulse only on the last PWM basic waveform in a 
repeat cycle at PWMLR=7F. [@ "7-2-3 Output Waveform" ] 


7-2-3 Output Waveform 


The PWMO output waveform is shown in figure 7-2-1. In the following 
description, conditions are set with fosc=4.19MHz, the CLKSEL bit in the CPU 
mode register (CPUM) cleared to 0, and NORMAL mode selected (in this case, 
fs=1,0475MHz). For PWMO output, a waveform modulated by the upper 7 bits 
(PWMHR) of the PWMO data register with a cycle of Tsub (122s) is used as the 
basic waveform, and an additional pulse (1/fs=0.95ps) is superimposed at the 
position specified by the lower 7 bits (PWMLR) of the PWMO data register. 


; T127 
$1» 








Tstd 





Figure 7-2-1 PWMO Output Waveform 
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(1) PWMO basic waveform setting by upper 7 bits (PWMHR) of PWM0O data 

register 
The PWMHR specifies the PWMO basic waveform in the PWMO basic cycle PWM0 data register upper 
(Tsub=122,1s). The relation between the PWMHR set value and the PWMO basic Ales 


_ (PWMHR: X'031' RW) 
cycle is shown in figure 7-2-2. 


PWM basic cycle (Tsub=122 ps when fosc=4.19MHz) 
— | 





PWMHKR set value 


x '7F All i 
0.95 ps 
X'7E 


X'7D' 
XSF es 


X ‘01 
X '00’ 


Figure 7-2-2 Relation between PWMO Basic Waveform and PWMHR Set Value 
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(2) Additional pulse setting by lower 7 bits (PWMLR) of PWMO data register 
The PWMLR specifies the position of additional pulses superimposed on the 
PWM6O basic waveform in a PWM0O repeat cycle (Tstd=15.64ms). The retation 


between the PWMLR set value and the position of the additional pulses is shown in 


table 7-2-2, and the output waveforms are shown in figure 7-2-3. 


Table 7-2-2 Position of Additional Pulse Waveform Superimposition 


PWMLR Data 
1iii11 
111110 
111101 
111011 
110111 
101111 
O1i1i111 


O1l1l1i111 
(MSB) (LSB) 


Tn at which Additional Pulses are Superimposed (Value of n) 


127 

63, 127 

31, 95, 127 

15, 47, 79, 111, 127 

7, 23, 39, 55, 71, 87, 103, 119, 127 

3, 11, 19, 27, 35, 43, 51, 59, ...... 123, 127 
1,5, 9, 13,17, 21, 25, 29, ..... 125, 127 
0, 2, 4, 6, 10, 12, 14, 126, 127 








Tstd=15.64ms (fosc=4.19MHz) 
_ 





31 63 95 127 


X '7B' | 
X'7A' j] | ]] | 
Tsub 


X'or 


X '00' 





Tsub PWMO basic waveform (determined by PWMHR) 





Tsub=122 Ls 


Figure 7-2-3 Relation between PWMLR Set Value and Additional Pulse Position 
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7-2-4 Changing Output Data in PWM Output 


When the PWMOLD bit is cleared to 0 in the PWM control register (PWMC), 14-bit 
data is transferred from the PWMO data register (PWMHR, PWMLR) to the PWMO 
data latch (PWMHL, PWMLL) in the next PWMO basic cycle (Tsub). This is done 
to prevent disruption of the PWM waveform when data is changed during PWMO 
output, and the transfer is performed with a maximum of 28/fs (2441s at 
fosc=4.19MHz) after the PWMOLD bit is cleared. 

The PWMO waveform does not change if the value in the PWMO data register 
(PWMHR, PWMLR) is modified after transfer from the PWMO data register 
(PWMHR, PWMLR) to the PWMO data latch (PWMHL, PWMLL) has been 
disabled by setting the PWMOLD bit to 1. 

The PWMO data latch (PWMHL, PWMLL) contents after the transfer can be read at 


any timé. 


The procedure for rewriting the PWMO data register (PWMHR, PWMLR) is as 


follows. 

@ First set a value in the PWMO data register (PWMHR, PWMLR), then set bit 
PWMOOE to 1, bit PWMOLD to 0, and bit PWMOE to 1 in the PWM control 
register (PWMC) to start PWMO output. 

@® Next, set the PWMOLD bit to 1 to disable transfer to the PWMO data latch. 


® Write the new data to the PWMO data register (PWMHR, PWMLR). 


® Clear the PWMOLD bit to 0 to enable transfer to the PWMO data latch 
(PWMHL, PWMLL). 


® Set the PWMOLD bit to 1 in preparation for the next change. 
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PWM control register 
(PWMC: X'030' R/W) 
Bit 2: PWMOE 

Bit 1: PWMOLD 
Bit 0: PWMOOE 


PWM0 data register 
(PWMHR: X'031' RW, 
PWMLR: X'032' R/W) 


PWM0 data latch 
(PWMHL: X'033’ FR, 
PWMLL: X'034' RA) 


PWMoO Output Circuit Operation 179 


Chapter 7 PWM Output 





Basic cycle 





— : 
Tsub | : 
(122 ps: fosc=4.19MHz) 


PWMOLD | ; 
' Transfer : 


period : 
—_<——§£§|_—_ 


Timing of transfer from 
PWMO data register to 


PWMo data latch 





(. 


Figure 7-2-4 Timing of Data Transfer from PWMO Data Register to 
PWMo Data Latch 


The output waveform may be 
disrupted if the PWMo data 
register is rewritten during the 


transfer period. 








( 


Do not rewrite the PWMO0 data 
register for an interval of 28/fs 
(244 ns when fosc = 4.19MHz) 
after clearing the PWMOLD bit 


to 0. 
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7-3 PWM1 Output Circuit Operation 


7-3-1 Overview 


PWM1 shares functions with timer 3, and its output waveform data is set in 
timer latch 3 (TC3). PWM output is started when bit PWM1OE in the PWM 
control register (PWMC) and bit P16ON in the port 1 direction control 
register (P1DIR) are both set to 1, designating the port P16 (PWM1) pin for 
PWM1 output, and bits PWMOE and PWM1E are both set to 1. 


7-3-2 Register Settings 


The register settings for controlling PWM1 are shown below. 


Table 7-3-1 PWM1 Output Register Settings 


Register Mnemonic 


Set to 1 to make PWMO operational. 








Set to 1 to use timer latch 3/binary counter 3 


(TC3/BC3) as PWM1. 








4 = PWMIOE Set to 1 to use P16 (PWM 1) pin as PWM1 pin. 
TM1 4,5 TC3CLKO, | TC3CLKO, TC3CLK1 set to 00 to set count clock 








TC3CLK1 to fs. 


6 TC3EN | Set to 1 to make timer 3 operational. 
0~7 TC30~TC37 | Sets PWM! output low-level width. 

















In PWM1 output, the output of the lower 8 bits of the PWMO 14-bit counter is used 
for PWM cycle generation. Therefore, PWMO must be made operational when 
PWM1 output is used. 
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7-3-3 Output Waveform 


The PWM1 output waveform is shown in figure 7-3-1. When the timer overflows 
while PWM1 is enabled (PWMI1E=1), P16 (PWM1!) pin output changes from 0 to 1. 
The transition from 1 to 0 is made on the falling edge of bit 8 of the PWMO 14-bit 
counter, and at the same time, the timer latch 3 (TC3) value is loaded into binary 
counter 3 (BC3). Thus, the PWM1 output waveform has a 28/fs PWM cycle, 
determined by the PWMO 14-bit counter bit 8 output, and a low-level width 
determined by the TC3 set value. 

[ts Figure 7-1-2 PWM1 Output Circuit Block Diagram ] 


PWM1 
output waveform | 


| | 


TC3 > BC3load BC3 overflow TC3-—BC3load BC3 overflow 





—<—__—— 2°As 


Figure 7-3-1 PWM1 Output Waveform 


With PWM1 output, the following timer 3 settings should be made 
[7] in timer mode register 1 (TM1). 
@ Clear bits TC3CLKO and TC3CLK1 to 00, designating fs as 


the timer 3 count clock. 


@ Set the TC3EN bit to 1, making timer 3 operational. 
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7-4 PWM2 Output Circuit Operation 


7-4-1 Overview 


PWM2 output waveform data is written to the PWM2 data register 
(PWMR2). PWM2 output, for which P17 direction control is set for output, is 
started when bit PWM2OE in the PWM control register (PWMC) and bit 
P17ON in the port 1 direction control register (P1DIR) are both set to 1, 
designating the port P17 (PWM2) pin as the PWM2 pin, and bit PWMOE is 
set to 1. PWM2 use the lower 8 bits of the PWMO 14-bit counter as its PWM 
cycle generation counter. 


7-4-2 Register Settings 
The register settings for controlling PWM2 are shown below. 


Table 7-4-1 PWM2 Output Register Settings 


Register Mnemonic Setting 





PWMOE Set to 1 to make PWMO operational. 


PWM20E Set to 1 to use P17 (PWM2) pin as PWM2 pin. 
PWMR20 Sets PWM2 output waveform. Choice of 256 duty 
~PWMR27 | cycles in 1/fs units. 














In PWM2 output, the output of the lower 8 bits of the PWMO 14-bit counter is used 
for PWM cycle generation. Therefore, PWMO must be made operational when 
PWM2 output is used. 

A PWM? data register (PWMR2) setting of 00 specifies 255:1 duty, and a setting of 
FF specifies 0:256 duty. 
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7-4-3 Output Waveform 


The PWM2 output waveform is shown in figure 7-4-1. In the following 
description, conditions are set with fosc=4.19MHz, the CLKSEL bit in the 
CPU mode register (CPUM) cleared to 0, and NORMAL mode selected (in 
this case, fs=1.0475MHz). For PWM2 output, a waveform modulated by the 
PWM2 data register (PWMR2) with a Tsub (244ys) cycle. The minimum 
pulse width is 0.95ys and the resolution is 8 bits. 


PWNM2 repeat cycle (Tsub=244ys when fosc=4.19MHz) 


PWMR2 set value 
X'FF' 
X'FE' 


X‘FD' 
X‘7F 


X‘01' 








X '00' 





Figure 7-4-1 PWM2 Output Waveform 
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7-5 PWM Control Registers 


7-5-1 Overview 


Eight registers are used to control the MN187XX23's PWM output circuits: 
the PWM control register (PWMC) which controls the operation of the 
PWMO, PWM1, and PWM2 output circuits, the PWMO data register 
(PWMHR, PWMLR) and PWMO data latch (PWMHL, PWMLL) in which 
PWMO output waveform data is set, timer mode register 1 (TM1) which 
contro} the operation of PWM1 (timer 3), timer latch 3 (TC3) in which PWM1 
output waveform data is set, and the PWM2 data register (PWMR2) in which 
PWM2 output waveform data is set. These registers are all located in RAM 


space. 


Table 7-5-1 PWM Output Circuit Registers 


Register RAM : 
Abbreviation | Address Register Name 


X'030' R/W PWM control register 
X'031’ 
X'032' 


















PWM60O data register upper 7 bits 


















PWM6O data register lower 7 bits 






























PWMHL | X‘033’ PWM60O data latch upper 7 bits 
pw [030 PWM60 data latch lower 7 bits 
TM1 X'02B' Timer mode register 1 

TC3/BC3 Tea Programmable timer counter 3 


(timer latch 3/binary counter 3) 








PWM 2 data register 


R/W: Can be both read and written to. 
R: Read-only 


R*/W: When read, the binary counter value is returned. 


When written to, the value is written into the timer latch. 
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7-5-2 PWM Control! Register (PWMC) 


PWMC is a 6-bit read/write register that controls the operation of the PWM 


output circuit. 











P34 (PWMO)} output selection 


General-purpose port (P34) 
PWMO output (PWMO) 


Latch data transfer specification 


PWMHR > PWMHL, 
PWMLR — PWMLL transfer 
No transfer 








PWMOLD 











Operation stopped, 
PWMoO 14-bit counter cleared 
PWMoO operation 


PWM1 enable 


Timer operation (timer 3) 
PWM1 operation 


PWMIOE| P16 (PWM1) output selection 
fi oe | General-purpose port (P16) 
























< 


In timer and serial interface 
internal clock operation, fs is 
divided by using the PWMO 14- 



































bit counter. The PWMOE bit 

must therefore be set to 7, LL 

making PWMO operational, Pwazoe| P17 (PWM2) output selection —_| 

when a clock divided from fs is [0 | General-purpose port (P17) 
; 

used by a timer or serial 

interface. Figure 7-5-1 PWM Control Register (PWMC: X'030' R/W) 

(I At reset, the PWMOE bit is set to 1 and the other bits are cleared to 0. 


The PWMO 14-bit counter is 
used to count the oscillation 
stabilization time when 
recovering from STOP mode. 
The PWMOE bit must therefore 
be set to 1 before STOP mode 
is entered. 
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7-5-3 PWMO Data Register (PWMHR, PWMLR) 


PWMHR and PWMLR are 7-bit read/write registers used to set PWMO 
output waveform data in one repeat cycle. 


Chapter 7 PWM Output 


7 6 5 4 3 2 1 0 

rs [= fof] ec 
7 6 5 4 3 2 4 0 

ran [— fom] 


Figure 7-5-2 PWMO Data Register (PWMHR: X'031’ R/W, PWMLR: X'032" RW) 


¥ 


At reset, all bits are undefined. 


7-5-4 PWM0 Data Latch (PWMHL, PWMLL) 
PWMHL and PWMLL are 7-bit read-only registers, used for transfer of the 
PWMo data register (PWMHR, PWMLR) contents when bit 1 (PWMOLD) of 


PWMC is cleared to 0. These registers are used to prevent disruption of the 
waveform when the output data is changed during waveform output. 


7 6 5 4 3 2 1 0 

rne| fom peaa] pne cr 
7 6 5 4 3 2 1 0 

ed eee ee 


Figure 7-5-3 PWMO Data Latch (PWMHL: X'033' R, PWMLL: X'034' R) 


At reset, all bits are undefined. 


<> For the relation between 
the value set in the 
PWMO data register and 
the PWMO © output 
waveform, see "7-2-3 
Output Waveform." 


q 


PWMHL and PWMLL can 
be written to only by a 
transfer of the PWMHR and 
PWMLR contents. PWMHL 
and PWMLL can be read at 
all times, but the value of 
bit 7 in each register is 
undefined. 








us> For the functions of 
PWMHL and PWMLL, 
see "7-2-4 Changing 
Output Data in PWM 
Output." 
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7-5-5 PWM2 Data Register (PWMR2) 


PWMR2 is an 8-bit read/write register, used to set the output waveform data 
within one repeat cycle. 


7 6 5 4 3 2 1 0 
ran eres] te moc 


Figure 7-5-4. PWM2 Data Register (PWMR2: X'04E' R/W) 


03> For the relation between 
the vaiue set in the 
PWM2 data register and 
the PWM2 _— output 
waveform, see "7-4-3 
Output Waveform." 


At reset, all bits are undefined. 
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Chapter 8 A/D Conversion 


8-1 Overview 


The MN187XX23 has an on-chip A/D converter with an 8-bit resolution. It 
includes a sample-and-hold circuit, and the 8 analog input channels, 0 to 7 
(ADINO (P20)~ADIN7 (P27)), can be switched by software. It has a 
dedicated analog power supply (VREFH, VREFL), and any comparison 
voltage can be set in the range OV to 5V, enabling high-precision A/D 
conversion. 

When the A/D converter is not operating, the built-in ladder resistor can be 
turned off to reduce power consumption. 








Data bus 


ADCHS2 ADBUF: X'02F" 


LL. 


8-bit A/D converter 




















x 
oa 
= 
o 
< 
c 
a 
£ 
SG 
2 
5 
a 
= 
g 
co 





VREFL CL} | 





Figure 8-1-1 A/D Converter Block Diagram 
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8-2 A/D Conversion Operation 


The A/D conversion procedure is as follows. 








A/D control register ® Select the analog input pin from ADINO~ADIN7 (P20~P27) by means of bits 
(ADC: X'02E' R/W) ADCHS2~ADCHS0 in the A/D control register (ADC). 
Bit 77 ADST 
eee ® Set the ADLS bit to 1 in the A/D control register (ADC) to send current through 
n 
Bit 2: ADCHS2 et the it to 1 in the control register ) to send current throug’ 
Bit 1: ADCHS1 the ladder resistor, and set the ADST bit to 1 to start A/D conversion. 
Bit 0: ADCHSO 
® In A/D conversion, after sampling has been performed in the sampling interval, 
AD butter Ts, successive comparisons and decisions are made, starting with the MSB. If 
(ADBUE: X'02F' R) : . 
Bits 7~0: the A/D conversion reference clock cycle is designated TAD (0.954ys when 
ADBUF7~ADBUFO fosc=4.19MHz), conversion completes at 9xTaAD (= 8.59us). 
Tab 
1 2 3 9 
| [+++ |_+—_}— 
ADST 
A/D conversion start A/D conversion 
Ts 
a 2 e 
Sampling Hold 
Bit7 Bit 6 Bit O 
Bit 7 Bit 6 Bit 1 Bit 0 
decision decision decision decision 


Ts= Tap (=0.954 ils) 


Figure 8-2-1 A/D Conversion Timing 
@® When A/D conversion is completed, the ADST bit is cleared to 0 and the A/D 


conversion result is stored in the A/D buffer (ADBUF). Check that the ADST bit 
has been cleared to 0 before reading the A/D buffer (ADBUF) contents. 
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8-3 A/D Converter Control Registers 


8-3-1 Overview 


Two registers are used to control the MN187XX23's A/D converter: the A/D control 
register (ADC) which controls analog input channel selection, the on/off status of 
the ladder resistor, and the start of A/D conversion, and the A/D buffer (ADBUF) 


which stores the conversion result. These registers are both located in RAM space. 


Table 8-3-1 A/D Converter Control Registers 


faa RAM : 


ADC ttn A/D control register 


























ADBUF A/D buffer 





X'02F’ 
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8-3-2 A/D Control Register (ADC) 


ADC is a 5-bit read/write register which controls the operation of the A/D 
converter. 


7 6 5 4 3 2 1 0 
woo [ms | — | — [ae | — [era sonora o-0 
; : 
ores one] a 
Analoginputchanne{ — Input pin 


| o [2 }ereneio fren 
| 4 [Channel 1_|P21(ANIN1) 
| 0 | Channel 2 _|P22(ANIN2) 

[1 | Channel 3_|P23(ANIN3)] 
| o | of etenmet Fee 

| 1 [Channel 5 | P25(ANINS) 
eae 




















Channel 6 | P26(ANIN6) 
Channel 7__| P27(ANIN7) 


ADLS | Internal ladder resistor on/off control 


0 Internal ladder resistor off 
1 Internal ladder resistor on 


Read value 0: A/D conversion end 
Write value 0: A/D conversion halt 
Read value 1: A/D conversion in progress 
Write value 1: A/D conversion start 









































When the A/D converter is 
not used, current should be Figure 8-3-1 A/D Control Register (ADC: X'02E' R/W) 
restricted by writing 0 in the 


ADLS bit in ADC. . . 
At reset, bits ADST and ADLS are cleared to 0, and the other bits are undefined. 
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8-3-3 A/D Buffer (ADBUF) 


ADBUF is an 8-bit read-only register which stores the A/D conversion result. 


7 6 5 4 3 2 1 0 
one [ane er ewer nome] re oc 


Figure 8-3-2 A/D Buffer (ADBUF: X'02F' R) 


At reset, all bits are undefined. 
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chapter describes the MN187XX23’s 


cancellation function. 





Chapter 9 Noise Cancellation 





9-1 Overview 


External interrupt pins IRQi and IRQ2 include a noise cancellation circuit, 
and can be used for remote control reception. 









Data bus 








Noise filter 














IRQ Ae 
sain GEeaie 
(P31) ecision circuit) | le TRO 
fs/25 
fs/2® MPX ; 
fs/2° 


Noise filter 
(majority 


IRQ2 
Le decision circuit} 


(P32) IRQ2 





Figure 9-1-1 Noise Cancellation Circuit Block Diagram 
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1RQ1: External interrupt 1 
{RQ2: Extemal interrupt 2 
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Remote control/noise filter 
contro! register 

(RMC: X'027' R/W) 

Bit 3: RMC3 

Bit 2: RMC2 

Bit 1: RMCT 

Bit 0: RMCO 





q 


The noise cancellation circuits 
cannot be used in STOP mode 


or HALT mode. 
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When the noise cancellation circuits are used, the waveform input from the IRQ1 
pin is sampled based on the clock specified by bits RMCO and RMC1 in the remote 
control/noise filter control register (RMC), and the waveform input from the IRQ2 
pin is sampled based on the clock specified by bits RMC2 and RMC3. The signal is 
sampled four times, and the level in the majority is transferred to the CPU. If there 


are two low-level and two high-level samples, the previous level is held. 


ee 





Aveo es 
an oe eee ae 
iteas 

itor 


Waveform after 
noise cancellation 





Figure 9-1-2 Example of Noise Filter Input and Output Waveforms 


9-2 Remote Control/Noise Filter Control Register 


9-2-1 Overview 


One register is used to control the MN187XX23's noise filters: the remote 
control/noise filter control register (RMC) which selects the sampling clock. This 


register is located in RAM space. 


Table 9-2-1 Noise Filter Control Register 


Register RAM ; 


X'027' Remote control/noise filter control register 
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9-2-2 Remote Control/Noise Filter Control Register (RMC) 


RNC is a 7-bit read/write register used for IRQ1 and IRQ2 pin noise filter 
control and remote control transmission function control. The IRQ1 and 


IRQ2 pins are used for remote control reception. 





7 6 5 4 3 2 1 0 
wc —reafnenfoeeas [nee [a] re on 














RMC1}RMCO] IRQ1 noise filter sampling clock specification 


| 0 | Noise filter is not used 
| 1 | Sampling clock: fs/2° 


Sampling clock: fs/2° 
| 4 | Sampling clock: fs/2” 


RMC2]IRQ2 noise filter sampling clock specification 


po } YY Noise filter is not used 
Sampling clock: fs/2° 
= Sampling clock: fs/2° 


Sampling clock: fs/2° 


/awoen| RMOEN P15/RMOUT selection 


ro [romps SSC~SCS 
[-1[Rwour oupat Sd 


RMSYN| RMSYN RMOUT output mode selection 


| 0 __| Asynchronous output mode 
| 1 | Synchronous output mode 










1 

























RMCEN |RMCEN Remote control carrier use specification 








[6 [ean SSCS 
[1 [No carier 


Figure 9-2-1 Remote Controi/Noise Filter Control Register 
(RMC: X'027' R/W) 


At reset, bits of RMCO~RMC3 and RMOEN are cleared to 0, and the other bits are 


undefined. 
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Chapter 10 Remote Control Transmission 


10-1 Overview 


The MN187XX23 has an on-chip remote control transmission function that 
uses timers 4 and 5. 












Data bus 




















TC5CLKO, TC5PS0, 
TC5CLK1 TC5PS1 


Waveform 
retention circuit} 














TCO35C TC350UT 
TC5LKO, 1: 
Figure 10-1-1 Remote Control Transmission Function Block Diagram Timer mode register 5 


(TMS) bits 0, 1. Timer 5 

clock source selection 
TC5PSO, 7: 

Timer mode register 5 

(TM5) bits 2, 3. Timer & 

clock prescaler scaling 

factor selection 
TC40F: 

Timer 4 internal output signal 
TCS5IRQ: Timer 5 interrupt signal 
TC3IRQ: Timer 3 interrupt signal 
TCO35C: 

Timer mode register 5 

(TM5) bit 5. Synchronous 

output clock specification 
TC350UT: 

Timer mode register 5 

(TMS) bit 6. Synchronous 

output specification 
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The remote control output signal is output from the RMOUT (P15) pin, and the 
remote control carrier signal is generated using timer 4 output. The carrier signal 


cycle is twice the timer 4 interrupt cycle. 


Timer 4 interrupt | | | | | | | | 


1 I ' 1 ' I I i 
1 I i i ' \ I | 


Carrier signal | | | | | 


Figure 10-1-2 Remote Control Carrier Signal Generation 


There are two ways of outputting the remote control output signal (RMOUT): 

(1) Asynchronous output mode 
Remote control output is performed asynchronously from the carrier signal, in 
accordance with the value set by the program in the P15 data latch. The remote 
control output signal is output from the RMOUT (P15) pin while the P15 data 
latch value is 1. 

(2) Synchronous output mode 
Carrier signal (timer 4 output signal TC4OF) pulses are counted using timer 5, 
and remote control output is performed in accordance with the value set by the 
program in the P15 data latch when a timer 5 interrupt is generated. As the 
remote control output data is changed in synchronization with the carrier signal, a 


high-precision remote control output waveform can be generated. 
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10-2 Remote Control Output Operation 


(1) Asynchronous output mode with carrier signal 

With this method, remote control output is controlled by having the P15 data latch 
rewritten by the program asynchronously from the carrier signal. After the register 
settings in Table 10-2-1 have been made, remote control output is performed by 
directly manipulating the P15 data latch value. The remote control output signal is 
output while the P15 data latch value is 1, and is not output while the value is 0. 


A narrow carrier signal is not output when the P15 data latch value is changed over. 


Table 10-2-1 Register Settings for Asynchronous Output Mode with Carrier Signal 


Register 
Set to 1 to designate P15 (RMOUT) pin as 
RMOUT pin. 











Cleared to 0 to select asynchronous output 





| mode 
RMCEN Set to 1 to select "with carrier." 





TC4CLKO, Select the timer 4 clock source. Remote 
TC4CLK1 contro! carrier cycle is timer 4 overflow 





cycle x 2. 
TC4EN Set to 1 to make timer 4 operational. 














Carrier { i eld Es Op pe Sep COs Es te ea 


P15 data es ee 


RMOUT/P15 Aire aes Se ie il a | 


Figure 10-2-1 Remote Control Output (Asynchronous Output Mode with Carrier) 
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(2) Synchronous output mode with carrier signal 

In this mode, remote control output is synchronized with timer 5, enabling a high- 
precision remote control output waveform to be obtained. In-synchronous mode, 
remote control output is controlled by using timer 5 to count the carrier signal 
pulses generated by timer 4. The initial remote control output data (0 or 1) is set in 
the P15 data latch beforehand. 

The timer 5 interrupt handler performs setting of the carrier signal count up to the 
next timer 5 interrupt, the next remote control output data, and the timer 5 interrupt 


enable flag. 


Table 10-2-2 Register Settings for Synchronous Output Mode with Carrer Signal 


Bit Mnemonic 


RMOEN Set to 1 to designate P15 (RMOUT) pin as 
RMOUT pin. 

RMSYN Set to 1 to select synchronous output mode. 
RMCEN Set to 1 to select "with carrier." 

TC4CLKO, Select the timer 4 clock source. Remote 





























TC4CLK1 control carrier cycle is timer 4 overflow 


cycle x 2. 

TC4EN Set to 1 to make timer 4 operational. 
TCSCLKO, 7 Set to 00 to select timer 4 internal output 
TCSCLK1 (TC40F) as clock source. 

TCSPSO, Select timer 5 prescaler divider. 

_| tTespsi Normally set to 00 to select 1/1. 

TCSEN Set to 1 to make timer 5 operational. 
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Carrier eh | gg Fa ie GE ea ee Ps 


P15 data tc FL_afl SOL 


Timer 5 interrupt 







Remote pontrols< <p a ns 


output data 


RMOUT/P15 


Progam (WN RE TBEeS 


exécution 

Settings made i | 

by timer 5 (Carrier 2) (Carrier 3) (Carrier 4) SS: Timer 5 interrupt 
interrupt handler handler interval 


Figure 10-2-2 Remote Control Output (Synchronous Output Mode with Carrier) 
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(3) Remote control output without carrier signal 

Remote contro! output without carrier can be used by clearing the RMCEN bit to 0 
in the remote control/noise filter control register (RMC). . In this case, the RMSYN 
bit asynchronous mode/synchronous mode setting selects whether or not output is to 
be performed in synchronization with timer 5 interrupts. 

In asynchronous mode, after the register settings in Table 10-2-3 have been made, 
remote control output is performed by directly manipulating the P15 data latch 


value. 


Table 10-2-3 Register Settings for Asynchronous Output Mode, No Caner Signal 


RMC 4 RMOEN Set to 1 to designate P15 (RMOUT) pin as 


RMOUT pin. 
5 RMSYN Cleared to 0 to select asynchronous output 
mode. 


Cleared to 0 to select "no carrier.” 





























RMCEN 





Pisdatalatch ECF LE 
RmMoUTPI§ SSC Set~<“<‘<‘C;C NN NLL 


Figure 10-2-3 Remote Control Output (Asynchronous Output Mode, No Carrier) 
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In synchronous mode, the timer 5 interrupt handler performs setting of the next 
timer 5 interrupt interval and writes the next remote control output data to the P15 


data satch. 


Table 10-2-4 Register Settings for Synchronous Output Mode, No Carrier Signal 


Register i Mnemonic 
RMOEN Set to 1 to designate P15 (RMOUT) pin as 
RMOUT pin. 


RMSYN Set to 1 to select synchronous output mode. 


RMCEN Cleared to 0 to select “no carrier." 























TCSCLKO, Select the timer 5 clock source and prescaler 
TCSCLK1 divider. 

TCSPSO, 
TCSPS1 
TCSEN Set to 1 to make timer 5 operational. 




















pienso OO 


Timer 5 interrupt | | | | 


1 
1 
! H 
I 1 
| ' 
| i] 
' i] 
} i) 


1 
' 
' 
1 
' 
' 
! 
i 
1 


Remote rr 


output data \ 


RMOUT/P15 feel? Geter 


NX: Timer 5 interrupt 


Program | (QF RBS hander 


execution ' H H 


Remote control output enable/disable interval is 
determined by timer 5 


Figure 10-2-4 Remote Control Output (Synchronous Output Mode, No Carrier) 
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10-3 Remote Control/Noise Filter 
Control Register (RMC) 


10-3-1 Overview 


One register is used to control the MN187XX23's remote control transmission 
function: the remote control/noise filter control register (RMC) which controls 
port/remote control output switching, synchronous mode/asynchronous mode 
selection, and whether the remote control carrier is used. This register is located in 


RAM space. 


Tabie 10-3-1 Remote Control Control Register 


Register RAM aera 
Abbreviation Address egister Name 


RMC X'027' Remote control/noise filter control register 











Remote Control/Noise Filter Control Register (RMC) 
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10-3-2 Remote Control/Noise Filter Control 
Register (RMC) 


RMC is a 7-bit read/write register used for IRQ1 and IRQ2 pin noise filter 
control and remote control transmission function control. The IRQ1 and 
IRQ2 pins are used for remote contro! reception. 


7 6 5 4 3 2 1 0 
ruc [ — rca mcr] mn 
lf - a” cara i 
RMG1|RMCO] IRQ1 noise filter sampling clock specification 


| 0 | Noise filterisnotused 
| 1 | Sampling clock: fs/2® 
1 [24 Samelng lot fay 





















RMG3] RMC2!} !IRQ2 noise filter sampling clock specification 


Noise filter is not used 
Sampling clock: fs/2° 


P15/RMOUT selection 


To [paris OC~SCS 
fa 


RMOUT output mode selection 


| 0 | Asynchronous output mode 
| 1 | Synchronous output mode 


RMCEN| Remote control carrier use specification 


[9 | Gare —s—C—“‘~*~*™ 
Po canoe 












































Figure 10-3-1 Remote Control/Noise Filter Control Register (RMC: X'027' RW) 


At reset, bits of RMCO~RMC3 and RMOEN are cleared to 0, and the other bits are 


undefined. 
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Chapter 11 Automatic Data Transferission 


11-1 Overview 


The MN187XX23 includes an automatic data transfer function that enables 
data transfer inside the RAM space to be executed by hardware. Transfer is 
started by a transfer factor interrupt, and one byte is transferred each time a 
transfer factor is generated. Transfer factor interrupts can be selected from 
two external interrupts, timer 0, 1, and 3 interrupts, and serial interface 0, 1, 
and 2 interrupts. 

A burst transfer mode is also provided, in which data within the specified 
range is transferred consecutively without regard to a transfer factor. 


+ Figure 11-1-1 Automatic Data Transfer Block Diagram 


ADT: Automatic data transfer 
register 
ADTB: Transfer byte counter 


ADTC : X038' aap TAPH, TAPL: Data transfer 


ADTC1 _ fanaa AnaRe target address register 
BURST _ [ants : xoa9} SAPH, SAPL: Data transfer 


DAPING. TAPH : X'03B" TAPL : X'03A'] | source address register 


DAPH, DAPL: Data transfer 
destination address register 
ADTC: Automatic data 







Data bus 












»[SAPH : X03D' SAPL : X03C] | 


»[DAPH : X03F DAPL : X03E| | 














IRQO , 
(OSS) i see transfer control register 
TCOIRQ—>| § 8 ADTIRQ: Automatic data 
TCHRQ —>) S ART IOnes » CPU transfer interrupt 
ees Ba (instruction 

a : 
SIF1IRQ a FS decoding) == Ao: Extemal interrupt 0 
SIF2IRQ — {RQ1: External interrupt 1 


TCOIRQ: Timer 0 interrupt 

TCIIRQ: Timer 1 interrupt 

TC3IRQ: Timer 3 interrupt 

SIFOIRQ: Serial interface 0 
interrupt 

SIF1IRQ: Serial interface 1 
interrupt 

SIF2IRQ: Serial interface 2 
interrupt 
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ADTC: Automatic data 
transfer control register 

(ADTC: X'038' R/W) 
Bit 3: BURST 


ADTB: Transfer byte counter 
(ADTB: X'039' R/W) 


Data transfer target address 
register 

(TAPL: X'03A’' R/W, 

TAPH: X‘03B' R/W) 


Data source target address 
register 

(SAPL: X'03C' RW, 
SAPH: X'03D' R/W) 


Data transfer destination 
address register 

(DAPL: X'03E' RW, 
DAPH: X'03F' R/W) 
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11-2 Automatic Data Transfer 


11-2-1 Overview 


Automatic data transfer is specified by means of the automatic data transfer control 
register (ADTC), transfer byte counter (ADTB), and three kinds of transfer address 
pointer. 

The transfer byte counter (ADTB) specify any byte number of automatic data 
transfer between 1 and 255 bytes. At the end of the specified transfer, an automatic 
data transfer interrupt (ADTIRQ) is generated. 

To prevent inadvertently overwriting data, a three-address transfer method is used 
which allows transfer to be performed without restrictions as specified by the 
settings. Use of address incrementing or a fixed address can be specified for two of 


the three addresses (the transfer source address and transfer destination address). 


11-2-2 Automatic Data Transfer 
The transfer procedure is as follows. 


@ Set the three transfer address pointers: the data transfer target address register 
(TAPL, TAPH), data transfer source address register (SAPL, SAPH), and data 
transfer destination address register (DAPL, DAPH). 


@ Use the automatic data transfer control register (ADTC) to specify address 


incrementing and the transfer factor or continuous transfer. 
® Set the number of transfer bytes in the transfer byte counter (ADTB). 


® When factor transfer mode is used, data transfer is not performed until the 
specified transfer factor is generated. 
When burst transfer mode is used, setting the BURST bit in the automatic data 
transfer control register (ADTC) to 1 selects burst transfer mode and 


simultaneously starts the transfer. 
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ADTC: Automatic data 
transfer control register 

(ADTC: X'038' R/W) 
Bit 3: BURST 


ADTB: Transfer byte counter 
(ADTB: X'039' R/W) 


Data transfer target address 
register 

(TAPL: X'03A' RW, 

TAPH: X'03B' R/W) 


Data source target address 
register 

(SAPL: X'03C' RW, 
SAPH: X'03D' R/W) 


Data transfer destination 
address register 

(DAPL: X'03E’ R/W, 
DAPH: X'03F' R/W) 
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11-2 Automatic Data Transfer 


11-2-1 Overview 


Automatic data transfer is specified by means of the automatic data transfer control 
register (ADTC), transfer byte counter (ADTB), and three kinds of transfer address 
pointer. 

The transfer byte counter (ADTB) specify any byte number of automatic data 
transfer between 1 and 255 bytes. At the end of the specified transfer, an automatic 
data transfer interrupt (ADTIRQ) is generated. 

To prevent inadvertently overwriting data, a three-address transfer method is used 
which allows transfer to be performed without restrictions as specified by the 
settings. Use of address incrementing or a fixed address can be specified for two of 


the three addresses (the transfer source address and transfer destination address). 


11-2-2 Automatic Data Transfer 
The transfer procedure is as follows. 


@ Set the three transfer address pointers: the data transfer target address register 
(TAPL, TAPH), data transfer source address register (SAPL, SAPH), and data 
transfer destination address register (DAPL, DAPH). 


® Use the automatic data transfer control register (ADTC) to specify address 


incrementing and the transfer factor or continuous transfer. 
® Set the number of transfer bytes in the transfer byte counter (ADTB). 


@® When factor transfer mode is used, data transfer is not performed until the 
specified transfer factor is generated. 
When burst transfer mode is used, setting the BURST bit in the automatic data 
transfer control register (ADTC) to 1 selects burst transfer mode and 


simultaneously starts the transfer. 
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® In automatic data transfer, the following processing is performed by hardware: 

1. The contents of the address indicated by the data transfer target address register 
(TAP) are stored at the address indicated by the data transfer destination 
address register (DAP). 

2. The contents of the address indicated by the data transfer source address 
register (SAP) are stored at the address indicated by the data transfer target 
address register (TAP). 

3. If incrementation is specified for the data transfer source address register 
(SAP) and data transfer destination address register (DAP), SAP and DAP are 
incremented by 1 after the above transfer is completed. 

[us Figure 11-2-1 Three-Address Transfer Method ] 


® When one byte transfer is completed, the transfer byte counter (ADTB) is 
decremented. In factor transfer mode, the processing in step © is repeated each 
time a transfer factor is generated, and an automatic data transfer interrupt 
(ADTIRQ) is generated when ADTB reaches 0. 


15 87 ie) 


<< 


SAP |__SAPH | SAPL |——»} 











er. TAPH ch TAPL ee 








15 87 0 


———y 


DAP | DAPH _:__DAPL |___- 

















Figure 11-2-1 Three-Address Transfer Method 
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ADTC: Automatic data 
transfer control register 
(ADTC: X'038' R/W) 


ADTB: Transfer byte counter 
(ADTB: X'039' R/W) 


TAP: Data transfer target 
address register 

(TAPL: X'03A’ R/W, 
TAPH: X'03B' RW) 


SAP: Data source target 
address register 

(SAPL: X'03C' R/W, 
SAPH: X'03D' RWW) 


DAP: Data transfer 
destination address register 
(DAPL: X'03E' R/W, 
DAPH: X'03F' R/W) 





( 


In this example, area (j-1) data 
is overwritten. 
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11-2-3 Examples of ADT Operation 


Use of the automatic data transfer function simplifies execution of various 
kinds of data processing within the RAM space. 


Some examples are given below. The descriptions have been kept brief for the sake 
of clarity; for fuller details, refer to the descriptions of the registers noted in the 


margin. 


(1) Transfer from area A (i to i+n) to area B (j to j+n) 
® Set the address of RAM used for temporary storage in TAP. 
® Set address (i) in SAP and address (j—-1) in DAP. 
® Specify the transfer factor and SAP and DAP incrementing in ADTC. 
@ Set the number of transfer bytes (n+2) in ADTB, starting automatic transfer. 


RAM 











SAP |_-- $$ _—_—~ Area A 








Initial setting: i, increment specification 




















| TAP 
Initial setting: temporary storage RAM address L_\ 



































J J 3 
ie DAP Area B 


Initial setting: j-i, increment specification j+n 


ADTB ee aa 
Initial setting: n+2 


(number of transfer bytes) 














i] 





and [2] occur simultaneously. 


Figure 11-2-2 Transfer from Area A (i to i+n) to Area B (j to j+n) 
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(2) Transfer from area A (i to i+n) to area B (j-1 to j+n) 


@® Set address (i+n (transfer destination end address)) in TAP. 


@ Set address (i) in SAP, and address (j—-1) in DAP. 


® Specify the transfer factor and SAP and DAP incrementing in ADTC. 


® Set the number of transfer bytes (n+1) in ADTB, starting automatic transfer. 













































ee ae 
i 
SAP a Area A 
Initial setting: i, increment specification i+n 
=2 TAP 
Initial setting: j+n, temporary storage RAM address 
I 
DAP Area B 
Initial setting: ji, increment specification jen Soy oe 














(number of transfer bytes) 








ADTB | i ee 
Initial setting: n+1 


Figure 11-2-3 Transfer from Area A (i to i+n) to Area B (j-1 to j+n) 


q 


In this example, area (j-1} data 
is overwritten. 
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(3) Transfer from area A (i to i+n) to area B (j) 





_® Set B address (j) in TAP. 
® Set address (i) in SAP. 
C ® As DAP is not used, specify any RAM address. 
- ® Specify the transfer factor, SAP incrementing, and DAP non-incrementing in 
For "any RAM address," make ADTC. 


sure that an installed RAM 


; © Set the number of transfer bytes (n+1) in ADTB, starting automatic transfer. 
address is set. 





RAM 





























i 
SAP ————eie Area A 
See ae isn) \ 
Initial setting: i, increment specification 
TAP ——_——— j Area B 
Initial setting: j, fixed address _ 
| DAP EE Any RAM 











Initial setting: any RAM address 


ADTB 


Initial setting: n+1 
(number of transfer bytes) 








Figure 11-2-4 Transfer from Area A (i to i+n) to Area B {j) 
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(4) Transfer from area A (i) to area B (j to j+n) 


@ Set A address (i) in TAP. 
@ Set address (j} in DAP. 
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® Set A address (i), or the address of RAM with the same contents as A, in 


SAP. If A address (i) is set, A will be read twice and written to once. 


® Specify the transfer factor, SAP non-incrementing, and DAP incrementing in 


ADTC. 


® Set the number of transfer bytes (n+1) in ADTB, starting automatic transfer. 





[i - SAP 





Initial setting: i, fixed address 





TAP 





Initial setting: i 








DAP 





Initial setting: j, increment specification 


ne 


yn 


ADTB 





initial setting: n+1 
(number of transfer bytes) 


RAM 


ee 








Area B 








= 
a 





Figure 11-2-5 Transfer from Area A (i) to Area B (j to j+n) 


Automatic Data Transfer 


ADTC: Automatic data 
transfer control register 
(X'038' R/W) 


ADTB: Transfer byte counter 
(X'039' R/W) 


TAP: Data transfer target 
address register 

(TAPL: X'03A' R/W, 
TAPH: X'03B' R/W) 


SAP: Data source target 
address register 

(SAPL: X'03C' RW, 
SAPH: X'03D' R/W) 


DAP: Data transfer 
destination address register 
(DAPL: X'03E' RW, 
DAPH: X'03F’ R/W) 
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(5) Data exchange between area A (i) and area B (j to j+n) 
_® Set A address (i) in TAP. 
® Set address (j) in SAP and DAP. 
® Specify the transfer factor, and SAP and DAP incrementing, in ADTC. 
@ Set the number of transfer bytes (n+1) in ADTB, starting automatic transfer. 


RAM 








SAP 
Initial setting: j, increment specificatio 








(Aland [2loccur simultaneously. 








TAP 
Initial setting: i 




















DAP po Area B 








Initial setting: j, increment specification 


[ _ADTB a ae 
Initial setting: n+1 


(number of transfer bytes) 




















Figure 11-2-6 Data Exchange between Area A (i) and Area B (j to j+n) 
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11-3 Automatic Data Transfer Interrupt 


With the automatic data transfer function, when the transfer byte counter 
(ADTB) reaches 0 and transfer is terminated, the automatic data transfer 
interrupt request flag (IFADT) is set to 1 in interrupt request flag register 1 
(IF1). If the automatic data transfer interrupt enable flag (IEADT) in interrupt 
enable flag register 1 (IE1) is 1 at this time, an interrupt request is issued to 
the CPU. [s@ "2-8 Interrupt Controller" ] 


In the MN187XX23, if the transfer byte counter (ADTB) 
value is changed to X'00' when its value is manipulated by 
the program, the IFADT bit will be set to 1 in interrupt 
request flag register 1 (IF1). If interrupts are enabled at this 
time, an automatic data transfer interrupt (ADTIRQ) will be 
accepted. To prevent inadvertent interrupt generation, use 
the following setting procedure when the transfer byte 
counter (ADTB) is cleared to X'00’ by the program. 
<Setting Procedure> 
Clear the IEADT bit in interrupt enable flag register 1 (IE1) to 
disable the ADT interrupt. 
Clear the transfer byte counter (ADTB). 
Clear the IFADT bit in interrupt request flag register 1 (IF 1). 


Example: 


DF 

(IE1) TIEADT 
(ADTB) , 0 
(IF1) IFADT 





interrupt request flag register 7 
(IF1: X'013' RW) 
Bit 6: IFADT 


Interrupt enable flag register 1 
(1E1: X'015' RW) 
Bit 6: IEADT 


Automatic Data Transfer Interrupt 225 


Chapter 11 Automatic Data Transferission 


11-4 Automatic Data Transfer 
Control Registers 


11-4-1 Overview 


Eight registers are used to control the MN187XX23's automatic data transfer 
function: the automatic data transfer control register (ADTC) which controls 
the operation of the ADT function, the transfer byte counter (ADTB) which 
specifies the number of transfer bytes, and the transfer address pointers 
(TAPL, TAPH, SAPL, SAPH, DAPL, DAPH) which specify the transfer target, 
transfer source, and transfer destination addresses. These registers are all 
located in RAM space. 


Table 11-4-1 Automatic Data Transfer Control Registers 


Register RAM 
Abbreviation; Address 


ADTC Automatic data transfer control register 


&'039' Transfer byte counter 


Register Name 








X'03B' Data transfer target address register upper 8 bits 


X'03A' Data transfer target address register lower 8 bits 











X'03C’ Data transfer source address register lower 8 bits 











X'03D' Data transfer source address register upper 8 bits 
X'03E' Data transfer destination address register lower 8 bits 





Data transfer destination address register upper 8 bits 
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11-4-2 Automatic Data Transfer Control Register 
(ADTC) 


ADTC is a 6-bit read/write register which controls the automatic, data 
transfer (ADT) function. 


5 4 3 2 1 0 
wore [=] — rremeanafionfoe |r] ate 


ADTC1| ADTCO| Transfer factor specification 


Ee External interrupt 0 (IRQO) 












1 
Timer 0 interrupt (TCOIRQ 













eel 












Transfer using transfer factor: 
+ byte transferred on generation of factor 
Continuous transfer. 

Number of bytes set in ADTB transferred 
consecutively without regard to transfer facto 


Transfer source address pointer 
increment specification 
SAP incremented by 1 after 1-byte transfer 
SAP not incremented 
DAPINC Transfer destination address pointer 
increment specification 
DAP incremented by 1 after 1-byte transfer 
DAP not incremented 


Figure 11-4-1 Automatic Data Transfer Control Register (ADTC: X'038' R/W) 1 









































When BURST is set to f, 
In a reset, all bits are cleared to 0. automatic transfer is started 
regardless of the setting of 
ADTC2~ADTCO, and the number 
of bytes set in the transfer byte 
counter (ADTB) are transferred 
consecutively. When BURST is 
cleared to 0, a one-byte 
transfer is performed for one 
occurrence of the transfer factor 
specified by ADTC2~ADTCO. 
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Q 


lf ADTB = X'00'", data transfer 
will not be performed when a 
transfer factor is generated (or 
the BURST bit is set to 1 in 
ADTC). 





11-4-3 Transfer Byte Counter (ADTB) 


ADTB is an 8-bit read/write register used to set the total number of bytes in 
a data transfer. When one byte is transferred, ADTB is decremented by 1, 
and when its value reaches X‘00' an automatic data transfer interrupt 
(ADTIRQ) is generated and transfer is terminated. 


7 6 5 4 3 2 1 0 
tor [we om esr some [ms oe] rm ni 
Figure 11-4-2 Transfer Byte Counter (ADTB: X'039' R/W) 
In a reset, all bits are cleared to 0. 
In the MN187XX23, if the transfer byte counter (ADTB) is set 
kd before the automatic data transfer control register (ADTC) 
when using automatic data transfer, automatic transfer may 


be performed in accordance with the previous settings 
(transfer factor and transfer method). This may result in 


generation of an unwanted automatic data transfer interrupt 
(ADTIRQ). To prevent inadvertent interrupt generation, use 
the following register setting procedure. 


<Setting Procedure> 

1. Set the data transfer source address register (SAPH, SAPL), data 
transfer target address register (TAPH, TAPL), and data transfer 
destination address register (DAPH, DAPL). 
Set the transfer conditions in the automatic data transfer control 
register (ADTC). 
Lastly, write the number of transfer bytes into the transfer byte 
counter (ADTB), starting automatic data transfer. 
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11-4-4 Transfer Address Pointers 


The transfer address pointers are three 16-bit read/write registers that 
indicate the transfer addresses. 

A three-address transfer method is used to prevent data from being inadvertently 
overwritten. In a data transfer, the contents of the address indicated by the data 
transfer target address register (TAP) are transferred to the address indicated by the 
data transfer destination address register (DAP), and at the same time, the contents 
of the address indicated by the data transfer source address register (SAP) are 


transferred to the address indicated by TAP. 
(1) Data transfer target address register (TAPH, TAPL) 


Specifies the transfer target RAM address. 


7 6 5 4 3 2 1 0 
ene [re] re 

7 6 5 4 3 2 1 0 
rosin ow owe or oro] onto 


Figure 11-4-3 Data Transfer Target Address Register 
(TAPH: X'03B' R/W, TAPL: X'03A' R/W) 


(2) Data transfer source address register (SAPH, SAPL) 


Automatic data transfer 
Specifies the transfer source address. Incrementing after each transfer can be control register 


specified with the SAPINC bit in the automatic data transfer control register (ADTC: X'038' R/W) 
(ADTC). At reset, all bits are undefined. Bit 5: DAPINC 


Bit 4: SAPINC 
7 6 5 4 3 2 1 0 
sn [i nen ara one a a] are cor 
7 6 5 4 3 2 1 0 
[ns [ ore [re oe 


Figure 11-4-4 Data Transfer Source Address Register 
(SAPH: X'03D' RW, SAPL: X'03C' R/W) 
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(3) Data transfer destination address register (DAPH, DAPL) 


Specifies the transfer destination address. Incrementing-after each transfer can be 
specified with the DAPINC bit in the automatic data transfer control register 
(ADTC). At reset, all bits are undefined. 


7 6 5 4 3 2 1 0 
ona ore ne [oe] a ere 
7 6 5 4 3 2 1 0 
[se] sn [oon [oreo] arm ere 


Figure 11-4-5 Data Transfer Destination Address Register 
(DAPH: X'03F' RW, DAPL: X'03E' R/W) 


230 Automatic Data Transfer Control Registers 


Chapter 11 Automatic Data Transferission 


11-5 Notes 


(1) When one-byte data transfer processing is performed, the user program halts 
during 5 machine cycles. That means, in continuous transfer mode, processing 
halts during continuously 5 x (number of transfer bytes) machine cycles. No 


interrupts except a reset are accepted during data transfer. 


(2) The automatic data transfer interrupt (ADTIRQ) is generated on completion of 
the write to RAM. Caution is therefore necessary if a serial buffer is specified 
by TAP, since a serial transfer may still be in progress when the automatic data 


transfer interrupt (ADTIRQ) is generated. 


If simultaneous transmit and receive operations are performed on the serial interface, and 
a serial buffer is specified by the data transfer target address register (TAP), transfer is 


performed as shown below when a serial interrupt is specified as the transfer factor. 


@ When the serial interface completes a transfer, a serial interrupt is generated and the 
automatic data transfer function is activated. 

@® The contents of the serial buffer are written to the RAM indicated by the data transfer 
destination address register (DAP), and the contents of the RAM indicated by the 
data transfer source address register (SAP) are written to the serial buffer. 

® An automatic data transfer interrupt (ADTIRQ) is generated, and preparations for the 


next serial transfer are made in the interrupt handling routine. 


RAM 


SAP 











TAP 

















DAP | Receive data address 














Figure 11-5-1 Example of Serial Transfer Using Automatic Data Transfer 


Data transfer target address 
register 

(TAPL: X'03A' R/W, 

TAPH: X'03B' R/W) 


Data source target address 
register 

(SAPL: X‘03C' RW, 
SAPH: X'03D’ R/W) 


Data transfer destination 
address register 

(DAPL: X'03E' RW, 
DAPH: X'03F' R/W) 
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(3) In factor transfer mode, automatic data transfer is started only by generation of 
an interrupt specified as a transfer factor. Transfer cannot be performed by 


having software set the interrupt request flag for the relevant interrupt. 


232 Notes 
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uLuit ‘(ep) jeqei$ dX 
(sep) ‘(pep) (aNvdad0 STONIS) 
wumut “(qx) 
(dA) (dX) “GNVuado ATANO) ax dA 
ep) jeqel/ dX 
(ax) “NV¥Ad0 FTONIS) jeqe| (GNVH3d0 STONIS) ON! 
<puebe7> 1egels wit! “(@P) ‘id A 
wu} ‘(2p) ‘dX 
WU ‘IA ‘Id A 
dX WW dX ‘Idx  Hadv 
jeqel/ eo (GNvdadO 31anod) §=adav 
jeqe| auynoans| | (aNvdado 37anod) onewYy 
DIUOWSBU PluoWeUyy DIUOWSUYY) 











® 18S YOHONySU] OZ8ENW 


b 





“bob BIQeL 






do 
da 
dq (dx) 
dq (ep) 
do 
da 
dq (ax) 
dq (ep) 
(ANvdadO STONIS) 
(ANVH4d0 STONIS) 
(zep) ‘(bep} 
(dA) ‘(ax) 
d$ ‘dX 
dA‘dX — HOX 





134s 











YTD 
PHOX 












sdq (sep) ‘pdq (pep) NtAOW 
sdq (sep) ‘pdq (pep) _ LAOW 
(dA) (dX) 178.108 
OL! ‘dA 
QL wil! “dX 
Q | wi} ‘(ep) 
gw '(qx) 
dA ‘(ep) 
(ep) ‘dA 
dX ‘(ep) 
(ep) ‘dX 
(dA) (dx) 
(sep) ‘(pep) 
IdA ‘(ep) 
Idx ‘(ep} 
(BP) ‘IdA 
(ep) ‘IdX 
WU “Ud A 
WU ‘Id A 
will ‘UdX 
WLU! ‘Id X 
(dA) ‘(eP) 
(ep) ‘(dx) Jaysued} 
(ANYYdadO a1anod)  AOW eyeq 


SUOWSUN ear | 











TAOW 
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pep : psdq ‘ppdq: sep: JUSUE|dWO0S 11q 











dn-y00} 8142) WOH 















Chapter 12 Appendix 






















sdq (sep) ‘pdq (pep) NLAOW 
sdq (sep) ‘pdq (pep) _ LAOW 
(dA) (dX) Talo” 
QLUIU ‘dd A 
QL WU ‘dX 


sdq (sep ‘UdA) We > Pdq (pep ‘40 » UdX} Wd 
sdq (sep ‘UdA) WWH > Pda (pep ‘4d « UdX) WY 
(dA) Wd (dx) WH 
QL WLU! > dA 
gpww! > dx 
y-9pum—> (L+ep ‘40 ¢ UdX) Wd 

Tepwwi—> (8p ‘40 « UdX) Wd 

ZtdX > dX Y gpuU > (L+dx) WW 
Phu! -> (dx) WW 

UdA > (b+eP ‘Ad « UdA) Wid 

IdA> = (@P ‘de Ud A) Wed 

(L+8p ‘3d * UdA) WWH UdA 

(ep ‘4d * UdA) WV 7 IdA 

UdX > (4+eP ‘4 « UdX) WV 

idX—> = (EP ‘40. UdX) WIV 

(L+ep ‘4d ¢ Udx) AW > udX 

(ep ‘40 « dx) WVH > IdX 

(1+8@P ‘40 ¢ Ud A) WV (1 +P ep ‘4d « UdX) Wd 
(sep ‘4qeUdA) WVWH > (pep ‘4d. ¢ UdX) Wd 
ItdA > dA 

b+dX > dX 

(L+dA) AW > (L+dX) WV 











































9} wut (ep) 














g Luu! ‘(qX) 








dA ‘(ep) 









{ep) ‘dA 





dx ‘(ep) 








(ep) ‘dx 





(sep) ‘(pep) 










































(dA) Wve > (dx) WW (dA) ‘(ax) — TAOW 
(dA)WYd > = (ep ‘4d * UdA) AW (dA) ‘{eP) 
(ep ‘4G * UdX) Wd > (dx) Wd (ep) (dx) 
wut = (ep ‘4d e UdX) WY ust! ‘(ep) 
(sep ‘ade UdA) WW > = (Pep ‘dd « dX) Wd (sep) ‘(pep) 
wu > (gx) Wd wut ‘(dx) 
(dA) WV > (dx) Wd (dA) (dx) 
IdA > (ep ‘40 ¢ UdA) Wd Idd ‘(ep) 
Idx > (ep ‘430 * UdX) Wi Idx ‘(ep) 
(ep ‘4d ¢ UdA) AWH > IdA (BP) ‘IdA 
(ep ‘4d * Udx) Wve > IdX (Bp) ‘Idx 
wu > UdA WLU! ‘Ud A 
wu —> IdA UL! “Id A 
wu! > UdX WU! ‘Ud X 
wut > 1dX WU! ‘id X 




















(xeH) epoo ebenbue7 eulyoe) | ut | 






uowelsdo SIUOLUGUYY 





(G/L) © 9S UOHONSU| OZBLNW c-b-cb SIGeL 
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juewals9ep 


yUSWeJ9UI k+dX7 


t — (8p ‘40 ¢ UdX) WWH > (BP ‘40 « Udx) Wid 
t-(dx) WWH > (dX) Wd 

k-dA7> dA 

b-dxX> dX 
+ (8p ‘4a * dx) NV > (ep ‘40 « Udx) WV 
L + (dx) WW > (dX) WH 
k+dA> dA 

dX 




























(ep) 
(dx) 
dA 
dX 
























Bp : wu! : gy 
Bp! wu : 63 
LZ wu! : 43 
wut: 3 








LPL ep : pull! : 42 
LPL pep: sep : 3/ 
Leh pull : Q/ 


OL 















jewioep ppe 49 + Ul (dA 








wu] + (ep ‘4 « UdX) Wd > IdA 











wu) ‘(@p) ‘idA 

















uit! + (Bp ‘40 * UdX) WV > IdX wu ‘(EP) ‘dX 

WLU + IA > IdA WU IA ‘Id A 

wu! + |dX > IdX WU! ‘Id X ‘Id X 

JO + pul + uj (ep ‘4d * UdX) Wd > uj (8p ‘40 « UdX) WW plu ‘(ep) 

JO + (Sep ‘4G » UdA) Wd + Ul (Pep ‘4d * UdX) Wd > ul (Pep ‘4d » UdXx) AV (sep) ‘(pep) 
JO + pull + ul (dX) AVY > ul (dx) Wd pull ‘(X) 


ul (dX) WW 





) WV + Ul (dx) AW > 

































£8 
$8 
bebe dq: og 
(2~0 = dq) ep : dq+o1 

Bp: ap 
VP 











pep: zep: ¥¢ 
gg 
sa 
za 



































ep : WU: g/ 40 + ww + (ep ‘4d « Udx) Wd > (ep ‘4d * UdX) WW wu ‘(ep) 
pep: sep: yZ 4O + (Sep ‘4d © Ud A) WH + (Pep ‘4d « UdX) Wd > (pep ‘4d « UdX) WH (sep) ‘(pep) 
WU: BZ JO + wut + (dx) WW > (dX) WV wut (4X) 
BL soumppe 49 + (dA) WH + (dx) Wed > (dX) Wd (dA) (dx) OGY joRewULY 
48 do 18s b> 40 dO 
ag daies t> 40 da 
LZh dq: ga 11q 198 | > dq (dX) Wd dq (dx) 
(2~0 = dq) ep: dq+ gi 1G Jes 1 2 dq (ep ‘4d « Udx) WW dq (ep) 














AD seep 07 49 
dq Jesjo o> dad 
lq seejo 0 > dq(dx) Wu 
Hq see]9 0 dq (ep ‘4d * UdX) WW 
seep 0 — (ep ‘40 « Udx) WW 
0 — (dx) Wd 
© un (ep ‘40° UdA) WW 














ul (2p ‘4d ° UdA) AVE 






















dO 

da 
dq (gx) 
dq (ep) 







































(xeH) apog ebenGuey eulyoeyy 





aiqqiu eBueyoxe ul (dx) WWH © un (dx) WV 
(zep ‘4G eUdxX) NWH (LBP ‘dG * UdX) WH (zep) ‘(Lep) 
(dA) WW © (dx) AVY (dA) ‘(dX) 
dS © dX d$ ‘dX 
efuryoxe dA _ © dX dA ‘dX HOX 
uoqeiedO OIUOWUSUYY 


(G/z) @ 18S UOHONSU] OLBLNW o-b-cb SIGeL 
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Lep : ySeW: Zep: ZS 
ysew : 0S 

















AO YUM Yay eyej}o! {(ep ‘4d » UdX) Wd 40 (dx) WH = ( ) Wid] 
4o70() wy: i-da( ) wwe > da() wd :2() Wd > 49 
(Bp ‘4d « Udx) WY > (ep ‘40 « Udx) WY 












Juewe|dwos 





(dX) Wu > (dx) WV 
[yseur ‘pue ‘((zep ‘4d « UdA) Wu] — [fysew “pur - (Lep ‘40 * 4dxX) WHI} sew (zep)‘y¥sew (ep) 





yseuw (qA) ‘yseu (qx) 
Wu ‘yselu (ep) 
wus ‘ySeUL (4X) 


(ysew “pue (4A) Wu] — pyseu “pur * (dX) Wd] 
Wu! — [yseuw “pue - (ep ‘40 * Udx) WY) 
wu — Pisew “pure * (dX) Wu) 
Z+dA7dA 
Z+dX > dX 
AO - (b+ dA) AVY - (L + dx) WW 
(dA) WI - (dX) WH 





SPW YIM aedWwos 






















(dA) (dx) 

























ep : WLU: £9 WU - (ep ‘4d * UdX) AW wut “(ep} 
Lep : gep: zg (Zep ‘40 © UdA) Wid - (ep ‘4d « UdX) WV (zep) ‘(Lep) 
ULI - (dX) WV WLU ‘(dX) 
(dA) WH - (dX) WWH (dA) (dX) 
Wl — Id A UWI! “Id A 
esedwioo LUI — [dX wu ‘ldX 
sapurewied > (} + dX} WY 
L+dxX > dX wut / (Ax) Wd ‘(L + dX) Ww > (dx) WH wu! ‘(gx) 

















sapureue: > (|. + dX) WW 
L+dX > dx (dA) WY / (dX) WH ‘(b+ dX) WH > (dx) WV 
L+ dX 7 dX WW e(dX) WW - (dX) WIVd ‘(1b + dx) Wd 








(dx) Ala 
IL (dX) 































































L+dX > dX (L + dX) Wiwi+(dXx) WH — (dX) Wd ‘(L + dX) WV (dX) 
ep : pull: 22 ZO 43O- pus! ~ ul] (ep ‘4q * Udx) WW > uj (ep ‘40 * Udx) Wd uuu! ‘(ep) 
LP pep : sep: of ZO |4O-Ul (SEP ‘40 * UdA) WIV — Ul (P8P “4G UdX) WV > ul (pep ‘4d « UdX) WH (sep) ‘(pep) 
bl pull : GZ ZO dO — pu! — ul (dx) Wd > ul (dX) Wd put ‘(qX) 
bbx bl ZO |jewloep qns « 49 — Ul (dA) WH — Ui (dX) WW ul (dX) WH (dA) ‘(ax) 
Let ep : Wu: EL zo 4O — wull — (ep ‘4d « UdX) Wd > (ep ‘4d » UdX) Ad uuu! ‘(ep) 
bel pep: sep: zz | 11] Z0] 4O-(SeP ‘AC « UdA) Wwe — (Pep ‘4d UdX) Wd > (pep ‘4d ¢ Ydx) Wd (sep) ‘(pep) 
LeL wut: 42} 1/29 JO — wu - (dx) WW > (dX) WY wut ‘(gx) 
ZD | yeQns 3O— (dA) WY — (dx) Ae > (dx) WH (dA) {dx} = O8NS 
JO- (1 + Bp ‘4d e UdX) Wd > (. + 8p ‘40 ¢ UdX) WV 
1 — (ep ‘dd « Udx) WW > (ep ‘4 + UdX) Wd (ep) 030 
JO + (4 + BP ‘AC © UdX) Wed > (4 + Bp ‘40 © Udx) WIVE 
1 |zO L + (ep ‘4d * UdXx) WV > (ep ‘40 ¢ Udx) WV (ep) 
(enyepoo ebenbueteuwoen [ufzot ume 




















(S/z) © eS UOHONIJSU] OZBINW 2-b-cb SIGeL 
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leqgeig : 18 


aeg:ze | | | 








zt+di— di esie / jeqeig + 2+ di > di ue 
Ztdi— diese / eqeig+72+ di > di ve 





leqeig 


Z 














e1dq eu0 }xeu dps 2@+dl-dl 

















od 
1— J@get : w “y — jeqel : 94 
I— leqey : wi — jege| + OV 
legeI$ : 88 








— 
| 















dX > dl 
(eAqy79) Buc] eynjosqe yoursq jeqe| / > dl 
(ebed/ayAqyy) einjosqe youRsq J8qe| ‘Ud| > dl 


(gz1—~ZaL+) eageies youRsq jeqeig + 3+ dl dl 


|9qe| / 
leqel 
legeig 










da | voRipucoun, 





e+ds- ds 
(2+ dS) WW > Wed} ‘Ud! 

















































































































(L+dS) Wd > Id! 
(dS) AV > Sd 
@tdS—7 dS: (l+dS) WW > Wel ‘Ud! : (dS) WVY > Idi 
@-d$ > ds 
idl > (2-dS) AVY 
Wd ‘Ud) > (t-dS) We dX > dl dX 
z-ds > ds 
Id > (@-dS) AVY 
| — yoqey : wy — jeqey: 24 Wed] ‘Udi > (I-dS) WWH «10021 / > di (eAqyP9) einjosqe {eo leqel/ 
Z-ds > ds 
Id| > (@-d$) WWY 
| — Jeqe] : W — jeqel + 06 Wd ‘Udl > (t-dS) WH 192! ‘dl > dl (eAgy7) einjosge [189 jeqe} = T1WO | eunNosgns 
EL Bp : ul: go wu! "JOx" (2p ‘4d « UdX) Wd > (ep ‘4d * Udx) WW wut ‘(ep) 
LeL pep : sep : y9 (Sep ‘4Q * UdA) WH OX’ (PEP ‘4G * UdX) WWH (PEP ‘40. * UdX) WW (sep) ‘(pep) 
Witt : wu! “40x” (dX) WY > (dX) Wd wut ‘(gX) 
YO eAIsnjoxe (dA) WV “10x" (gx) AWE > (dX) WY (dA) ‘(dx) qOX 



























































(S/r) @ 19S UOH}ONJsU] OZBILNW 2-b-ct 81deL 





Z 
z 
z 
Z 
ep : (uuu : Z wut uo" (ep '3qeUdX) WW > (eR “4. e Ud Xx) Wd wut ‘(ep) 
pep : sep: 49 Z (sep ‘40 ¢ UdA) WH “0° (pep ‘40 ¢UdX) NVH > (PEP ‘40. « UdX) WV (sep) ‘(pep) 
UuUut : 1/2 wut 0" (4X) AW > (dX) Wd wut ‘(qX) 
Z (dA) WH “30° (dx) AVE > (dx) AW (dA) (aX) yO 
LeL ep : Wu: 29 z wu} ‘pue’ (ep ‘4qeUdX) WH ~— (BP ‘dd * UdX) Wd wut ‘(ep) 
Leb pep:sep:99 | 11 |Z (sep ‘4 © Ud A) NV ‘Pure’ (pep ‘40+ Udx) WWH > = (PEP ‘40 » UdX) WH (sep) ‘(pep) 
ULL : 1/12 ww! ‘pue’ (dx) We > (dx) WV wu! ‘{dX) 
z (dA) WY “pue" (gx) WY > (dx) WW (dA) (dx) GNV 
ep: 9 | do uw iuBy eyejou ((ep ‘4d « Udx) Wd J0 (dx) Wd =( ) Wve] (ep) 
) do->2( )wWvu:da( ) we > I-da( ) we :0( ) Wve > 40 (4x) HOU 
(xeH) epon eBenbueq euryoeyy uoneiedo OlUOLUSUIY 
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G4: 9b: 














leqelg : €3 


leqeig : 





da:gt:oz:or:er | |_| 
ore | Tvainaowes[ 


|_| vonesedo ou 
ZO 









dOLS Ndd ies dOls 

















aon] 280 
$4 





L+dS> ds: (dS) WV > Sd 
k+dS—? ds: (dS) WW > (ep ‘40 * UdX) Wd 
L+dS—7 dS: (ds) WvY > (dx) WV 
ZtdS— dS: (1 +dS) WH > UdA: (dS) NWH > IdA 
ZtdS—IdS: (L+dS) WV > UdX : (dS) Ae > Idx 
t-dS— ds: Si > (i-ds) Wd 
L-dS—ds: wu! > (1-dS) Wd 
k-dS > dS: (ep ‘4d « Udx) WY > (I-dS) Wd 
t-dS— ds: (dx) WY > (I-dS) Wd 

Z2-dS — dS! idA > (2-dS) WW : UdA > (I-dS) WH 
yous ysnd Z~-dS— dS ?ldX 7 (@-dS) Wd : WdX - (1-dS) WH 





yorys dod 












dA 
dx 














L+dS—> dS:2tdil— diese / feqeg+z+dir>diveyy 0# (dS) NVH}! 

b+ dA dA: 1 - (dS) Wd > (dS) Wd 
L+dS— dS:2tdi7dlesie / jeqeis$+ztdi>diuew 0# (dS) Wve}! 
b+ dX dX: b- (dS) WH — (dS) Wd 
L+dS— dS:2@tdlo diese / eqeig+zt+di> quem  0#(dS) Wd }! 





1@qeI$ ‘dA 








laqeig ‘dX 


































































































































































jegels : 1 L * (dS) WV > (dS) Wd jeqeig 
jeqelg : ep : WU : ae ptdialesie / leqeg+p+di— diueyy wut =(ep ‘40 ¢ UdX) WV J! leqei¢ ‘wu ‘(ep) 
jeqelg : wu! : L E+di> diese / leqeig+e+ di di uey ww! (dX) WVH J! jeqeig ‘wu! ‘(dX) 
leqelg : ep : WW! : 1 p+diodiese / leqegt+pt+di > diueyy = wu (ep ‘40 + dX) Wd}! legals ‘wu! ‘(ep) 
joqerg : Ww: O4 | L E+dl—> dl ase / jeqeg+et di > dj uew wut # (dX) WH jeqeig ‘wu! (dX) SANEdWO| atedwog 
eqeig: dq: vq | 1 E+di> diese / jeqeg+etdi di uy 0 = dq (dX) WH J! yeqeig ‘dq (dx) 
jeqeig ep: dq+ez | t €+di diese / leqegt+et+di>diuem o=da (ep ‘40 + Udx) WV joqeig ‘dg (ep) 
Ofl eqeig: dq: za} et diz diese / leqeg+e+ di di vey L = dq (dx) WYH J! reqeis ‘dq (dx) -UOHIPUco 
jeqeig : ep : dq + 02 Etdi- diese / leqegt+etdi ai uew | =dq (ep ‘4d + Udx) WV J! yeqeig ‘dq (ep) ZNEbL} pue ise, 
Z+dirdiesie / jeqeigt+e+dl— dj uew 0 =4Z ‘puke “O= 40}! eqeig = Aba 
Z+di> dese / jeqeig+7+ dl di veut jeoqeig ZN@ 
Z+di—> diasie / jeqeg+2+ didi veut eqei$ =» ONG}. Yue |e 
Z+di > diese / leqeis+z+ di di uEw b=4azU0'1=40n/ sR =a -uompuog 
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(dA) (dX) | dx | dX Tara” |sdq(sepy pagipep)) (ep) (ax) 194el/ sdq(sep) pdqipepy = (ep) (dX) 4d 
TaLad Tivo ad HSNd NIAOW | [eqeig¢ “wut '(aadWD | “TIVO TAOW _ feqerg ‘urun *( ANdd) 





ZOD 
oan A “Al CULT TX EX foucan (ep) TAA! jum (ep) aX! dA Tae 1$ ‘dA (Ee Paes ‘ax | Paes | a 
udady ONI dooTa | \dOOTv/ | dooTa | dOoT 


| ZO 
unt ‘YgA | wut Tax | oon “YgX | wun TqxX | dA ‘dX Wun ‘TdA Tunuit ‘Tax da 
AOW HOX dD 


Z | ZO 
(ep) Td | dA “CEP T (ep) tax | 1dX “(P) fore) (2P) wut “(qX) {oxo (@P) wut “(qX) re) 
AW Toad Ald 


3 
AOW ONI a 
ZO | Zo 
Sd sa ) dp(ax. (qx) | Sai aris “dq (ax) (a) dq (dx) | a 
HSnd Las | ZNELL | \dOd | wD 
























































( 
HSnd ZatL 











1sqet ad 











ql TIVO 


10.=dO 0.=AC ZO | 
PIs Paes Paris PARIS dO aa aa) (ax)| deg Tqei$ | 8 
Lod ZN ONG ua ae) ge) dO aq Za oa dM 
ZO 


Z‘O ZO 
parr ‘Cepy (cep) “Crep)l puma “axl (dA) Wax | wan “Copy [Czep) “Crepy unum (ax) GA) (ax) | peau “(ep)!(Zep) “(TeP) pura “(ax) (LA) saa wun “(ep) "(zep) ACeey es (ax) "(QA) (ax)| £ 





























qadqyv oqdv aans 
Z Z Z Z‘D 


cma (epy Weep) “Cepy ummm ax) EA) (aX) | wr ep) "Ccep) (rep) wut (aX) "(aA) (AX) | Uran “Cop) M(ep) “(repylurunr (ax) "(aAA) (ax) waa “Cep) |(Zep) “(Tep) wrt “(ax) | (AA) (dX) | 9 
uo ywox aNV dWD 
ZO 
( 


| ZO 
guru ‘(ep)! (sep) ‘(pep)! gyumum (qx)! (dA) (aX) (Zep) (iep)| aX) | CGA) Ca) | urtmr “(ep) [(sep) Cpepy! umm (ax) (ax) (aX) ysemn(zep) sen (ep oO aera ¢ 
TAOW HOXx TAW HOXx AOW WdW3 AIC WdWD 


2 3 wL=AZ ZO Z‘O Z Z‘O 
@p) | (ax) fp) | (ax) cep) | xX (ep) (dX) Cepy | (qx) [eum yseu(ep) umm yseufqx)) = (ep) (dx) (ep) v 
wou 1 a ONI LON 


Ou are) NI PHOX WdWo 
| dA (ep) | (ep)‘ad | ax ‘(ep) | (ep) ‘ax [Caa) ‘(ep) | (ep) (ax) | Qpuuit ax € 


TAOW AOW TAOW TAOW 
cf 


feqerg ‘dq (ep) ZNALL 













































































Pqeig¢ ‘dqep) ZALL 








dq (ep) LAS dq (ep) WTO 











dew epoodo seas OL8INW /-2-ch 81geL 


dew epoodo sales OZ8LNW 2-21 


MN1870 Series Opcode Map 


242 


Chapter 12 Appendix 


12-3 List of Special-Function Registers 


Bit Abbreviations 








































































































Address | Register Name Reference 
Bit7 Bité Bits Bit4 | Bits Bit2 Bit1 BitO Page 

ooo | Porto Po7_| Pose | pos | po4 | Pos _| Po2 | POt POO 
(PORTO) qi) CMOS 3-state input/output port 80 

oor" | Port! Pi7 | Pie | pis | P14 | P13 | P12 | P11 P10 = 
(PORT1) CMOS 3-state input/output port 
Port 2 p27 | pee | p25 | P24 | p23 | p22 | Pat P20 

X'002’ : 80 
(PORT2) ae CMOS 3-state input/output port 
Port 3 _ 7 p34 | p33 | ps2 | p31 | P30 

ae : . 80 

— (PORTS) a — CMOS 3-state input/output port 
Port 4 P47 | P46 P45 | p44 | P43 | P42 P41 P40 

x’004 80 
(PORT4) CMOS 3-state input/output port 
Port 5 ps7 | P56 | P55 | p54 | P53 | P52 | P51 P50 | ~ 

x’005’ : : 80 
(PORTS) High-voltage output port (P-channel open-drain) 
Port 6 P67 P66 P65 P64 P63 P62 P61 P60 

X’006’ - 80 
(PORTS6) High-voltage output port (P-channel open-drain) 
Port 7 P77 P76 P75 P74 P73 P72 P71 P70 

X’007’ ; : 80 
(PORT7) High-voltage output port (P-channel open-drain) 
Port 8 P87 P86 | P85 P84 P83 P82 P81 P80 

x’008’ : ; 80 
(PORT8) High-voltage output port (P-channel open-drain) 
Port 9 | p93 | p92 | p91 | P90 

X’009’ ex TES a 80 
(PORTS) - Wy BO) CMOS 3-state input/output port 

coon | POMUFLP select P67SEL| P66SEL|PES5SEL | P64SEL| P63SEL| P62SEL| P61SEL| PEOSEL] |. 
register 0 (PFSRO0} Port 6/FLP pin function selection 
PortlFLP select P87SEL| P86SEL|P85SEL | P84SEL| P83SEL| P82SEL| P81SEL| P80SEL 

xoop’ |°0" : 165 
register 1 (PFSR1) Port 8/FLP pin function selection 

x’00C.” | Port/FLP select 2 : P7SEL | P5SEL 166 
register 2 (PFSR2) . 2 | @® @) 
Digit number/dimmer |__ON3 DN2 DN1 DNO DR3 DR2 DR1 DRO 

X’00D’ | 7. a : : ; 167 
register (ONDR) Digit number setting data Dimmer setting data 

‘aac | FLP clock mode . . ~_]pspauto | osPcLK |DSPSTART 
X'00E’ | register (FCMR) | a x —— © © @ 168 
X’OOF’ | Not used - - <7. a 








IEMASK |EDGEDIRS | EDGEDIR2 | EDGEDIA1 | EDGEDIRO 


@®il@o|]ol@®el@o|™ 


194) | Interrupt mode control f. 
X'010" | register (IROM) <—) 





Notes: (1) N-channel open-drain input/output port 
(2) Port 5/FLP pin function selection 
(3) Port 7/FLP pin function selection 
(4) Display stop/display start 
(5) Display-time-per-digit setting 
(6) Serial display/automatic repeat display selection 
(7) IRQ1 valid edge specification 
(8) IRQO valid edge specification 
(9) IRQ2valid edge specification 
40) IRQ valid edge specification 
(1 Interrupt enable mask flag 
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Address | Register Name 


x’011’ | Not used 
sna ey {interrupt request flag 
X012 register 0 (IFO) 


Bit7 Bité6 








a 








Bit Abbreviations 






















ES 





Se op 
IFIRGS | IFIRQ2 | IFIRQ1 





IFIRQO 





Interrupt request flags 












saan, interrupt request flag 
X'013" lregister 1 (IF1) 
Interrupt enable flag 


register 0 (IEO) 


Interrupt enable flag 
register 1 (1E1) 








x014 





X’015’ 












CPU mode register 


X’016" | (CPUM) 









X’017’ | Not used 


Port 0 direction 






































IFSIFO | IFTC5 iFTC4 








Interrupt request flags 


59 





IEIRQ3 | IEIRQ2 | 1EIRQ1 


IEIRQO 





Interrupt enable flags 


61 





IESIF1 IESIFO | (ETCS 


IETC4 





Interrupt enable flags 


| oscm1]oscmo| HALTM 


Oscillation HALT mode 
control 








“ie 


ON 





X’018’ | control register 


PODIR) 


























Port 1 direction 
x’019’ 


specification |soecificati 





STOP mode 
ion 
























control register 




















Port 2 direction 





control register 
P2DIR) 


Port 3 direction 


X’01B’ | control register 
P3DIR) 
Port 4 direction 


X01A’ 














Port 2 
























input/output direction control 









P300N 





4, P340ON | P330N P320N | P31ON 


Port 3 input/output direction control 

















X’01C’ | control register 
P4DIR) 

Port 9 direction 

control register 


PSDIR) 
Not used 









Port 4 














01D’ 





















X'O1E’ 
X'01F’ oT 


ta 








Transmit/receive shift 










IBUFO5|SIBUFO4 





input/output direction control 


ON | P420N P410N | P400N 













020’ 





buffer 0 (SIBUFO) 









P93ON | P920N | P910N | P90ON 
Port 9 input/output direction control 
tN. ANN 


AA 
SIBUF03|SIBUFO2| SIBUF01|SIBUFOO 


Serial interface 0 transmit/receive shift buffer 






oa 



























butfer 1 (SIBUF1) 












Serial interface mode 
register 0 (SIMO) 








Parallel 
ni 








X'022’ 


X’023’ 


col « q 
specificatior 


Serial interface mode 
register 1 (SIM1) 















Serial interface bit 


0a counter 0 (SBCO) 








Serial interface bit 
counter 1 (SBC1) 





x’025’ 


Serial interface 0 input/output enable 
Serial interface 1 input/output enable 


Notes: 8 
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a Output form 
nispecification 


A 
iTi0 


Clock 
input tbolarty [Start 
hithrough | specification| condition 








UF10 











Transmit/receive sie IBUEA[SIDUFIS SIBUF15|SIBUF 14 | SIBUF13} SIBUF12/SIBUF11 S!IB 


Serial interface 1 transmit/receive 


shift buffer 
SBOCO 
Output form 











CM12 | CM11 











SBC02 | SBCO1 














4 SBC12 | SBC11 
Busy zai Serial interface 1 b 


Transfer clock specification 


Serial interface 0 bit counter 









43 


























it counter 
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Bit Abbreviations 


















Register Name 




















SREY 


[ce moral mce| ce [ruc | mes Len | 
® 
T 













x’o26’ | Not used 


Remote control/noise 
X’027’ | filter control E 


register (RMC) ~ 












oN 

















































































































































































































Programmable Tco7/ | Tcoe/ | TCOSs/ | TCO4/ | TCO3/| TCo2 | TCO1/ | TCOO/ 
___., |timercounterO | gco7_| BCo6 | BCOS | BCO4 | BCO3 | BCO2 | BCOI | BC0O 
X'028’ | (timer latch 0/ Read: Bi I 116 
binary counter 0) ead: Binary counter value 
TCO/BCO) Write: Reload value setting 
TC T K1 
aria rnnds OEN ae — onan ee are TCOCLK1| TCOCLKO 
x°029' | register 0 ulse width |Timer -! Timer 0 prescaler . 
(THO) winye, [ressue- fount |nous scaling factor | Sotrce selection a 
ment mode |specification|mode _| selection 
Programmable TC1s/ | TC14/ | TC13/ | TC12/ | TCit/ | TCtO/ 
ae ea: Bcis | BC14 | BC13 | BC12 | BC11 | BC10 
eee binary Snag 1) Read: Binary counter value ne 
TC1/BC1) Write: Reload value setting 
“ 3 TC1EN | TC3EN |TC3CLK1| TC3CLKO| TC10UT| TC1CLK | TC1PS1 | TC1PSO 
imer mode - 
X’02B' | register 1 (TM1) | Timer 1 | Timer 3 | Timer 3 clock @ Mes a hacia 120 
| enable | enable | source selection ue acca 
selection 
WDEN | BUZFQ | BUZEN | TC2EN | TC2FLG; TC2CLK|TC2MPX1/TC2MPX0 
‘noc | Timer mode i 
X'02C : Watch- |Buzzer |B i Realtime [Timer 2 , 
register 2 (TM2) | dog timer frequency eae oe nore e iene Udit aha 121 
enable | selection Selection | CYCIe Selection 
Programmable Tco37/_ | Tose | Tc3s5/ | TC34/ | TC33/ | TC32/ | TC31/ | TC30/ 
ee ae BC37 | BC36 | BC35 | BC34 | BC33 | BC32 | BC31 | BC30 
mUee tba aces 3) Read: Binary counter value We 
C3/BC3) Write: Reload value setting 
= ee 
Pee ae ; ADST | ADLS |ADCHS2)ADCHS1 ADCHSO 
X’O2E’ ) contro! 4 Ladder . 194 
register (ADC) - A/D start |resistor on/off Input channel selection 
z oS ZS yy control 
noe A/D butfer ADBUF7| ADBUF6! ADBUFS5 | ADBUF4| ADBUF3| ADBUF2| ADBUF 1; ADBUFO 
{ADBUF) A/D conversion result storage 12° 
PWM10E| PWM1E | PWMOE | PWMOLD | PWMOOE 
sann | PWM control 
X'030" | register (PWMC) PWMO | Latch paqpwag 186 
selection | enable | enable | transfer |Selection 














Notes: 44 IRQ1 pin noise filter sampling clock specification 
(45) IRQ2 pin noise filter sampling clock specification 
(16) Timer 1 clock source selection 
47) Timer 1 output specification 
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Register Name 





= 


X’031’ 














upper 7 bits 
(PWMHR) 


PWMO data register 


X’032’ | lower 7 bits 
(PWMLR) 


PWM0 data latch § 


X’033' |upper 7 bits 
(PWMHL) 


PWMO data latch | 
lower 7 bits . 
(PWMLL) 


Transmit/receive 
shift buffer 2 
(SIBUF2) 


Serial interface 
X’036' | mode register 2 


(SIM2) 























X’035’ 











LTl2 





Serial interface 
bit counter 2 
(SBC2) 


X’037 












Automatic data 


x'038° | transfer control 
register (ADTC) 


inna | Transfer byte 
039" | counter (ADTB) 


Data transfer target 
address register 
lower 8 bits (TAPL) 


Data transfer target 
address register 
upper 8 bits (TAPH) 


Data transfer source 
X’03C’ | address register 


lower 8 bits (SAPL) 
Data transfer source 
X’03D’ |address register 






























X’03B’ 


























14-bit PWMO data register upper 7 bits 





air | aie [ons Page 
Uf a Pearl ponerse 



















14-bit PWMO data register lower 7 bits 

















IMIHL3) PWMHL2 PWMHL1 

















CLKPL2 




















| STCE2 | 





| DAPING SAPINC 



















Bit4 Bit3 | Bito | 
4) PWMHR3 Saar aie = 


Transfer clock specification 


| sBTC2 | SBOC2 | BITDIR2| CM22 | CM21 ‘en | 


nied Output i 
< form 
| spec nies seetltll eeriail 
— BUSY2 | SBC22 | SBC21 | SBC20 


Busy flag] Serial interface 0 bit counter 
















146 





BURST | ADTG2 | ADTCt 










DAP SAP 
incre- incre- 
“A __ment ment 





Transfer 
mode 


ADTCO 


Transfer factor specification 










227 








ADTB7 | ADTB6 | ADTBS | ADTB4 | ADTB3 ADTB? | ADTB1 | ADTBO 





Transfer 


byte number setting 








TAPL7 | TAPL6 | TAPLS TAPLA | TAPL3 | TAPL2 | TAPL1 
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SAPL7 | SAPL6 





Data transfer target address lower 8 bits 








TAPH7 | TAPH6 | TAPHS5 | TAPH4 







TAPLO 
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TAPHS | TAPH2 | TAPH1 





Data transfer target address upper 8 bits 


SAPL5 | SAPL4 







229 





SAPL3 | SAPL2 | SAPL1 





Data transfer source 


address lower 8 bits 





SAPH7 | SAPH6 | SAPHS5S | SAPH4 


Data transfer source 
















H4 | SAPH3] SAPH2| SAPH1 
address upper 8 bits 















upper 8 bits (SAPH) 
Data transfer 
destination address 


X'03E' register lower 8 bits 











Data transfer 
destination address 
register upper 8 bits 
DAPH 





Notes: 
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DAPL7 | DAPL6 | DAPL5 | DAPL4 | DAPL3| DAPL2 | DAPL1 











Data transfer destination address lower 8 bits 





Serial interface 2 input/output enable 










DAPH7 | DAPH6 | DAPHS | DAPH4 | DAPH3 | DAPH2 | DAPH1 | DAPHO 


Data transfer destination address upper 8 bits 


SAPHO 
229 
DAPLO 
229 
230 
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Bit Abbreviations 


: Reference 
Address | Register Name 
aac Bit7 | Bite | Bits | Bia | Bits | Bie | Bitt | Bito Page 


Port O pull-up |_| PO6RON PO4RON | PO3RON ~ | PO1RON | POORON 





X’040’ | control register : 80 
(PORON) Port 0 pull-up resistor on/off control 
Port 1 pull-up P17RON | P16RON | P15RON | P14RON | P13RON | P12RON | P11RON | P10RON 
X'041’ | control register ‘ 80 
(P1RON) Port 1 pull-up resistor on/off control 


P2HRON | P2LRON 
Port 2 pull-up resistor on/off 80 


Port 2 pull-up . 
X'042’ | control register | 









































(P2RON) . control (ribble-wise) 
Port 3 pull-up . | | P34RON | P33RON | P32RON | P31RON | PSORON 

X’043' | control register | < Cy 80 
(P3RON) a SS - Port 3 pull-up resistor on/off control 
Port 4 pull-down | P47RON | P46RON P45RON: P44RON | P43RON | P42RON | P41RON | P4ORON 

X’044’ | control register 80 
(P4RON) : Port 4 pull-down resistor on/off control 
Port9pul-up | —  § | P92RON|P9IRON| 

X’045’ | control register y Port 9 pull-up 80 
(P9RON) AS — resistor on/off control 

Xx’046' o> y a — TRE eS 

X’047" Not used es é : —__ 
Programmable TCATIBCAT To46rBC46 |TC45/BC45 TCAMBC44 TC43/BC43 TC42/BC42 | Irca1ecai TC40/BC40 

X’'048" timer counter 4 Read: Bi t | 
(timer latch anny ead. piary Counmer vane 117 
counter 4) (TC4/BC4) Write: Reload value setting 

: ynchronou 

rogeter 4.7) snsthe mode source selection OUD on ; < ce 
Programmable timer |TC57/BCS7 |TCS6/BCS6 TC56/BC55 | TC54/BC54 | TC53/BC53 | TC52/BC52 | TC51/BC51 TTcs0/ecs0 

X'04A’ counter 5 (timer latch ie 
5/binary counter 5) Read: Binary counter value 118 

C5IBC5) Write: Reload value setting 

Timer mode TCS5EN | TC3SO0UT | TCO35C _ TCSPS1 | TC5PSO |TCS5CLK1 |TC5CLKO 

X’04B" register 5 (TMS) | Timers Synchronous erg Timer 5 prescaler Timer 5 clock 123 

enable | specification |selection scaling factor selection source selection 

X'04D" Not used : OS . . < _ hz 
PWM2 data PWMR27 | PWMR26 | PWMR25 | PWMR24 | PWMR23 | PWMR22 | PWMR21 | PWMR20 

X'04E’ | register ; 188 
(PWMR2) PWM2 data register 

X'04F’ | Not used — 





List of Special-Function Registers 247 


Chapter 12 Appendix 





( 


When the {Intel 27C256 
specification is used for 
MN18P76423 programming and 
verification, two write operations 
are needed, one for addresses 
X'0000'~X'7FFF' (lower 32 bits) 
and one for addresses X'8000" 
~X'FFFF' (upper 32 bits). (With a 
PROM programmer for which 
addresses X'8000'~X'FFFF' 
cannot be designated in 27C265 
mode, designate addresses 
X'0000'~X'7FFF'.) 
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12-4 MN18P76423 
(One-Time Programmable 
Microcomputer with On-Chip EPROM) 


12-4-1 Overview 


The MN18P76423 is a one-time programmable microcomputer with 64K x 
8-bit (64-Kbyte) EPROM in place of the mask ROM of the 
MN1872423/MN1873223/MN1874023/MN1874823. 

The MN18P76423-FBis a resin-sealed model, permitting data to be written to 
EPROM once and EPROM data can not be erased. 

The PX-AP1876423-FBC is sealed in a windowed ceramic package, allowing data 
to be erased by exposure of ultraviolet light. 


Both plastic and ceramic packages are of 84-pin flat type. 


12-4-2 On-Chip EPROM 


The MN18P76423 has on-chip 64-Kbyte electrically programmable EPROM. The 
Intel 27C256 specification (Intel high-speed (II)), with a +12.5V programming 
voltage (VrP), is used for programming and verification of the on-chip EPROM. 
The MN18P76423 can also be programmed with a general-purpose PROM 
programmer by converting the MN18P76423's 84 pins to the normal 28-pin 
EPROM arrangement. 

Placing the MN18P76423 in on-chip EPROM mode suspends its microcomputer 
functions, allowing the on-chip EPROM to be programmed. The pin configuration 
is EPROM mode is shown in figure 12-4-1. 
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Al 
AO 


Vpp o— 


Vsso 


MN18P76423-FB/FBC 





A12 
cs (TOP VIEW) ey 
Ai5 








Figure 12-4-1 Pin Configuration in EPROM Mode 
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For program/verify 
input/output timing, see 
"12-4-2 (3) On-Chip 
EPROM Programming 
Electrical Characteristics." 





(1) EPROM Mode Setting 


@ 27C256 mode 

EPROM mode setting includes selection of the mode for programming/verifying 
with the OE pin and CE pin after the prescribed voltages are applied to the supply 
voltage pin (Vpp) and program voltage pin (Vpp). 27C256 mode EPROM settings 
are listed in table 12-4-1. 


Table 12-4-1 EPROM Mode Settings (27C256 Mode) 


DO~D7 A0~A14 


Data input Address input 


Data output Address input 


Hi-Z — 








verify disabled 








Data output Address input 











Output disabled A Hi-Z 














Hi-Z 








(2) Programming On-Chip EPROM 


M 27C256 mode 

@ Programming 

Program mode is entered by setting the supply voltage to +6V, then applying 
+12.5V to the Ver pin, and forcing the OE pin high and the CE pin low. The 8-bit 
data input from the data input/output pins (DO~D7) is written to the on-chip 
EPROM address specified by the address input pins (AO~A14). 


@ Verification 
Forcing the CE pin high and the OE pin low after programming causes the written 
data to be output from the data input/output pins (D0~D7), enabling the data to be 


verified. 
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Following the flowchart in figure 12-4-2 for on-chip EPROM programming 


enables programming and verification to be executed fast and reliably. 


Vop = 6.040.25V 
Vop=6.0V, Ver=12.5V Ver = 12.540.3V 


tpw = 1ms+5% 


pudisssset Soclas* (X'0000'~) lower 32 Kbytes first time 


{X'8000'~) lower 32 Kbytes second time 


Apply ims program pulse 





be 1-word verification 


Address=address+1 OK 
3Xms additional write 


NO —<—Teetatioss? > 












{word verification->-N& 


OK 


(~X'7FFF’) first time 
(~X'FFFF') second time 


xe 


YES 
Vpp=5.0V, Vep=5.0V 
Read all words 
OK 


Programming end 


Figure 12-4-2 On-Chip EPROM Programming Flowchart (27C256 Mode) 
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(3) On-Chip EPROM Programming Electrical Characteristics 





@ DC characteristics (27C256 mode) 
C Vo0=6V+0.25V, VrP=12.5V20.3V, Ta=25°Cs5°C 
a 


Allowable Values 





Test Conditions 


1. Wait for the Von power supply 
(+6V} to settle before applying 
the Vep power supply (+12.5V), 
and cut Vep power off before 
Vop power cut off. Ton= -4000A 

2. Ensure that the Vep pin voltage 
does not exceed +13.5V, 
including overshoot. 

3. On no account remove the 











Iot=2.1mMA 



































Vop supply current 
(program/verify) 


Vpp supply current 








device while +12.5V is being 
applied to the Vpp pin, as this 
may affect the reliability of the 
device. 

4, When CE=Vit, change the Vpp 
pin from Vit to +12.5V, or fromm 
+12.5V to Vit. 














(program) 





@ AC characteristics (27C256 mode) 
Vop=6V+0.25V, Vpp=12.5V20.3V, Ta=25°C25°C 


Test Allowable Values 
Conditions Min 


Address setup time 








Output enable setup time 





Data setup time 





Address hold time 








Data hold time 








Vec setup time 








Vpp setup time 











Program pulse width 











Additional program pulse width 
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Vin 
Address 

VIL 

VIH 
Data 

Vit 

VPP 
VPP 

Vopp 

6V 
Vop 

GND 
— ViH 
CE 

ViL 
OE ~* Vin 





Figure 12-4-3 Input/Output Timing during Programming (27C256 Mode) 
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(4) Erasing On-Chip EPROM 


A version of the MN18P76423 (the PX-AP18764323-FBC) is available in a ceramic 
package with a window that allows on-chip EPROM data to be erased by exposure 
of ultraviolet light. Data is erased by ultraviolet light with a wavelength of 254nm. 
The necessary quantity of radiation is 15Wes/em2. The window should be kept 


clean to ensure effective erasure. 








Erasing Data in a Windowed Package Version 
Data in an-chip EPROM product with a windowed package is erased (changed from 0 to 1) by 
exposing the chip to ultraviolet light (of 2537A wavelength) through the window. 


{1) Erasing procedure 

























1. Ensure that the window is free of oil, adhesive, or other stains. 
*If necessary, clean the window with alcohol or a similar cleaning agent that will not damage the package. 

2. Expose the package to ultraviolet light. 
Expose to a commercial ultraviolet lamp for 15 to 20 minutes at a distance of 2 to 3 cm (package surface 
illuminance: 12000 uW/cm2). This will provide 10Wes/cm? ultraviolet irradiation, ensuring complete erasure of 
the data. 

*|f the lamp has a filter, remove this before use. 

+Fitting a mirror reflector to the lamp will increase the illuminance by 40% to 80%, shortening the erase time. 

*Check the life of the lamp and ensure that full illumination is provided. 






Amount of ultraviolet irradiation 
The recommended quantity of ultraviolet irradiation is 10Wes/cm2. This figure includes a considerable safety 
margin, and is several times the quantity considered necessary to erase all bits. This figure should be strictly 
observed to ensure dependable erasure throughout the temperature and supply voltage ranges. 






Usage Notes 
Data in windowed-package products with on-chip EPROM may be erased by exposure to light of a 
wavelength shorter than 4000A. Although the effect is far less than with ultraviolet light, dissipation of the 
data charge may be caused by fluorescent light or sunlight. Exposure to such irradiation may therefore affect 
system reliability in the long term. {f a chip is used where it will be exposed to light of these wavelengths, the 
window should be covered with a seal to shield the EPROM. 

Although light with a wavelength of 4000 to SO000A or more does not affect data retention, exposure to 
extremely bright light may cause abnormal circuit operation for reasons related to the characteristics of 
semiconductors in general. Therefore, protective measures should be taken if a chip is exposed to 
continuous irradiation of this kind, even in the case of light with a wavelength of 4000A or more. 
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(5) On-Chip EPROM Usage Notes 


@ When programming with a PROM programmer, check that the PROM 
programmer socket, programming adapter, and CPU are properly connected, to 


prevent the risk of damage to the CPU. 


@ The MN18P76423's programming voltage is 12.5V. Selecting the Fujitsu 
specification and applying 21.0V will destroy the chip. When using a PROM 
programmer, select the Intel 27C256 specification (VpP=+12.5V) and program 
the upper and lower 32Kbytes separately. 


( 


When data erasure is 
performed by exposing 
ultraviolet light to a windowed 
package, the EPROM 
contents are changed to all 1s. 





MN18P76423 (One-Time Microcomputer with On-Chip EPROM) 255 


Chapter 12 Appendix 


12-4-3 Appearance of MN18P76423 Products 
(1) Packages 


@ MN18P7423-FB 

The outer dimensions of the plastic package version of the MN18P76423 are 
identical to those of the MN1872423/MN1873223/MN1874023/MN 1874823. See 
"1-7 Package Dimensions for details." 


@ PX-AP18764323-FBC 
Outer views of the PX-AP18764323-FBC (84-pin ceramic flat package) are shown 
in figure 12-4-4. Note, in particular, the position of pin 1. 





| 0.3540.05 


0.80 x 20=16.00+0.13 





Pin 1 mark 


Pin 1 mark 


0.127 


Figure 12-4-4 External Views of PX-AP1876423-FBC 
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(2) Programming adapter 


Panasonic/Matsushita offers a programming adapter for converting the 84-pin 
package to the 28-pin 27C256 specification when writing data to the 
MN18P76423's on-chip EPROM. The part number of the programming adapter is 
OTP84QFP-1876423. The programming adapter has a switch (SW3) for selecting 
upper or lower addresses in 27C256 mode. 


1. Use in 27C256 mode 
Setting SW3 to the right side enables addresses X'0000'~X'7FFF' to be written 
to. 


Setting SW3 to the left side enables addresses X'8000'~X'FFFF' to be written 


to. 





Swi swe Sw3 — Donotchange 
this setting 











PROM programmer pin 1 


CPU pin 1 


CPU insertion direction 


Direction of insertion 
into PROM programmer 
Lever 


Figure 12-4-5 Connecting Programming Adapter 
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12-4-4 MN18P76423 Usage Notes 


@ Note that the MN18P76423 electrical characteristic shown in table 12-4-2 is 
different from the MN1872423/MN 1 873223/MN1874023/MN 1874823. 


Table 12-4-2 Difference in Electrical Characteristics 


Test Conditions 





Allowable Values 


Min Typ | Max 


MN1872423/MN1873223/ 
MN1874023/MN 1874823 Supply 32kHz<fx<65kHz 
voltage 


MN18P76423 35 


27 

















@ The MN18P76423 does not have pull-down resistors incorporated into the high- 
voltage ports (P67~P60, P87~P80). 


® When program writing is completed, fix a lightproof shield over the glass areas 
above and at the side of the CPU to prevent erasure of data by ultraviolet light. 


® The ROM and RAM sizes of the MN18P76423 differ from those of the 
MN1872423/MN1873223/MN1874023/MN1874823. When ordering ROM, 
therefore, make sure that actual ROM and/or RAM sizes are used. 
The on-chip ROM and RAM sizes of each model are shown in table 12-4-3. 


Table 12-4-3 ROM and RAM Sizes of Each Model 


RAM 
X'050'~X'22F' 


MN1872423 | 24,576 (24K) bytes (X'0000'~X'SFFF') 512 bt X7E0'-X"7FF 











MN1873223 | 32.768 (32K) bytes (X'0000'~X'7FFF’) 1024 bytes| on e7Rp 





X'050'~X'42F" 


X'7EO'~X'7FF' 


| X'050'~X'42F" 
MN1874023 | 40,960 (40K) bytes (X'0000'~X'9FFF’) 1024 bt 





X'050'~X'42F" 
X'7EO'~X'7FF 
MN18P76423 | 65,536 (64K) bytes (X'0000'~X'FFFF’) 1968 bytes (X'050'~X'7FF’) 


MN1874823 | 49,512 (48K) bytes (X'0000'~X'BFFF’) 1024 bytes 
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The MN18P76423's oscillation mode can be changed according to the written value 
of bit 7 of EPROM address X'FFFF’. 


Bit 7 of Address X'FFFF' 
Oscillation mode 


Type B is set when the product is shipped. 











eae ea 
Type A Type B 
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12-4-5 Notes on MN18P76423 Quality 


(1) The following defects characteristic of one-time programmable microcomputers 
occur in the MN18P76423: 
* Write defects 
* Retention defects 
In order to eliminate products with these defects, a write check and screening are 
carried out in the wafer stage. However, since write tests cannot be conducted 
for performance deficiencies caused by flaws that arise in the assembly stage 


onward, write defects and retention defects develop, occurring in a fixed ratio. 


(2) To eliminate retention defects, high-temperature storage screening of the 


MN18P76423 is recommended before programming and mounting. 





Program/Read 


High-temperature storage 
125°C 48H 








Read 
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